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jiJ Aj<UdjJ<U ^Aj ^Lijbfc ,0Jt3j?»' Jj <uaS^<U ^ iS^jAj <S^ jtj , C~*o j<Li jp 1 - ^Uj3 

^~ob Ojjj S-4^ aJ <U4j!j4J aS' C-J^Ssj 04 jU OJj^UAA <d JuLoU jjj j1^>4j j Jbjjj Aj ^l£3jAj jH COjS^ jlft<b 

. Cbb^jS* j*>b ^«aS^ ^<bj£ Ob Cbj^ j^Aj 
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.djjjjS" djj^4j ^jAS" j JJ<b ^iTdjAijj^lXb 
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0 jajqJjo.& JLoaa glSLi 


te<£<u ^j<£-je<£<u ^<u 


jjLj jL s^Lo jji ^aJ&j <*J 

: 3^p 

j N3 lijb 4 J NsCl ^6 j4j|jj ^6j 4j 4Jb b j u ijj j ^jbo4J& ^jb'dwSub j^*o4Jb bi<U ij: : J ( I 

JijU jb<b j.stS jSxbb jL*b<U Cl 

J c£-H fcJjLo j ij4j) = bJl> bJfcj <U jl«JujLo4Jb jlS'dJjdu jj* cJJb Jj^>b (c-> 

.Cwjl^ j ^4^ ^yb > Cui bLb> (jb 4-*> J CfpJjJ J = bJ&j tillj ( j\Jt)bJ}tLQ&J ^j&j4jbLb 

a $ L> j 6 jj^^ o b^> b^o^b* jb* s j s^^bo jj ^ 4.J ? ^ 4.J 5 j lj 4,*«>jb J 

♦OI^Ujjj j Iji^p J ^4 j 



4Jujb 

J^. 

is> 

( Aj) ^jb 

jl* 

jl AJZi 

j£a£ 


:dJ aSskjj Q.JdSj,ji diLodj c^c^odJb 2 2013-2012 ) 


O 9i^i"<i*ij O tsAj^^ir O 
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Jj^Ji jbo4^4j ybj jb 4j6iiLojji ^A~kJJJ> ♦ 

- ; ot^ 

jljy> 4J {jj> d&j 6jJujjj6i lijSijijr^ jJ <& ^4j&JiLo jdu -UjijZ ^ 
jL Uj> <J jls bJij <U4^6 j6j<UjjJ fcjb&jb ^ 


cjjjl jjU I j4j 4j ^jjjbLJ 50 % 6j jy jb 50% <*J tjLo^S 6 jl ^:JS ^*jt jL&aj | 

«cjj^jjL ^ j^ju jj 6ijijlIjj 

♦ Cb j£ 6 ij Sj 1-bLyrfb ^jL<J ^3^ , Sjl jl>4j j4J1j^j (^JJJ 

♦ J^J^W JJJ jb^jLiG 4^ Jjjj#b J ij4^ 

♦ Jaj JJ^> AjIj 6jI^ 4j lj4Jb J ( 4j|jjj ^j4j) J^SJ^ J ( ^Ijjj 




« 4Sj4J 4 <^u«!jb 


^ C< » 
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^ojl^jif g&jp, 1 9 4A <JJ jtf i"* 4 ^ (2013-2012 ) 
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*vS°^liS^i^oj ^L> dJ 15 AjuumT^i l<^ 1 ^ ( 2014— 2013 ) 
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^QJLAAll^ 0 C)O^I<^ ^dilodJ jol S , j — O^-J^) ^odjDdjO dj 1 -C( 2018-2017 ) 
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QLod.&dJ ^dJu^.j" ^ 

djUJjui) dJ Jjuts ( 50^1 jjS ^dj^oj (^) 


v jL>9<^od& (^) 

<J Aj jj^> *£ SjjLj jL Ijjli* ^Siil-o jji Aj jj^> * O^AZJZj |i 

** ** ** ****** _ X. _ 
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(Cu^Si jljj^li ^A^jAj 
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O’ OS *■ 























































0 jqJ*aJjo.s JLoaa glSLi ^i^oiloll 


oLi'lS' ijiti j»ljL‘ j j <U j&jjA^" lij«Uj^S aJ »jI_j 3 ^jl^A^J^iAS -o' -O*Aj t >jL 

jJLisa *£ £ *£ Jj*j <J4j6jLo jiL IIjJ^J j>dJ jd£* 4j CmjIjCu I jjJ <jJ 6j , IIjJmJj^>4j jL^ ; j5* 4j 5j j l*o jj 

♦ lijlj di jwUdj ^5jljL& <jJ6j Uftjjd* 

J *jU^ ^4j Ij4j jlj»*JdJ ^l^d^jjdj ^5 jy j j^JLjU j jlijlj4 .j idJ £d£<*S 4j jjj^U ^^>.*1}4&+J ♦jl^ 1 d JLo 

. jjd^ , j» 4«> , JbOJjIwO ? JjljWl j ^jJ 6 JJ 4_) ijdmfm**m*mAii jlJjJ ^ ^ 6jU J 4j J , 4j I ^ &J LmJJ^ 

dd*^4 j di 6j4JLdd£ ^jlI j**>II jJ 4Jb 4j 4^ Ol ^dJCJ jLIjjj , 6j4jLjl^djL<U ( ^'j>u ^jJ&dj J^did^dj ^l^^jjdj 


♦jd^Jjdj ^JUfijU 4JC J S.S 6jlj j jd^jjdj Ii6jli . d5* did&u ^Ju*^j> 

liddi , lijlj di 4jJj djjJi JIJjjLo 4j jjCJ^ . jjL ^^iLo ijjJ> , j j ^jL <iij Ju4JS> 


♦ Sj4JLa-*- C ^£jl^^ jj4j4j jl^*4jjj djjji 4dddw..iJbjj ( jd3* Oj4_t ^jl^J^jb) jl^^jljwi Jjjjlj ciJfij 4^Jl.*Jb ^4Jij ijfij 

♦Jjd^&ij&i <^4 j jjj^ ^id&u Idjdiljjdi jLdjjjj j*^4j 4 j jjj^U ^d&u jl5*di*o ^6jdJ Jd^di | 

jl^4Lo ^(i'dJL&d* 
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jj 5 ’*i3i 

Ujb IjJb 4 J jij 


JJi *J&J* ^ <yO 


Oj4j IjJb 4 J 

j(> 0 J 4 -" J j^j lSj^J 4 -* 

Ujb 1 jJb di Jljli* 

4j ^4 j , 
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0^ J JJ 4 "^ > j* 40 * 


6j4^ , ju4j 

Ojdj l-Uij di lJ Lj 


4.iO^Lu(^) 


iQJUUULidj C) Qil^l jSjJ&J dj LT<XT^jdj vi-SCkJdXkj ^>dJb ^(2013-2012 ) 

dJLo (3 _>jj‘ (^) ‘AS'Aj 0?>^ (3 


?QJUUUL>li ^ QJO^ dj LT<XT^jdi ^djLodJ ^AS ( 2016- 2015 ) 

o^j^O J^o l^dJb (^) djuuj^l^ (^) 

4J j&j jL>6jIj4J 6Jj4jnj4J^ tj 4j [£<t£JjJ 4J* ^JJb4j jl^4!^ 4_f ^^Ujj Oj4j ^jli4.J 4*Ju^ 1^)1 JULu 

I j 4 j 4j lij-o j j*4j ( ^^jj4^i 
j J-o Cuijli'dj iJl-U-u ijLi 


j4^j 4juj4^6i jj (iJLul^ <m ^4^o6j4^ 4j 4.}j> ^5ij^^4j jl^ljl> 6ij4^* ( ^4J*j4^l dJ 4^Juj^ • ^ J jJ> 


: (5^d.i^>TL^ v—^j^jLydj JlA ju.j 2 '^ ( 2015- 2014 ) lj}> (2013-2012 ) 2 ( 2012-2011 ) 


3 o^l^j' (3 ojLujj^jiT 3 J.« ( 3 ) 
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^jqJqJjo^ JLou gLSLi ^J^j^o^Loli 


• diLodJ d5oT^jj dJ djbTd^oo^dJb i£djc^ ^( 2014- 2013 ) 

(^) >o ojUw^if O o? 1 ^ O 


J J -9 J *jl j£ 
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jb jJ cwa» (1000 nm -1 nm ) 

jL Cwti 
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tX 

* »jj^ 


Cw jjjL jL 4jLdj4^ 

(6jd^J^6iL> Jljli'jjdj 

Ojd^^ULh> ^[jl^jj4j 


djdJuj^(jLh> ,J|jl£jj<U 

5jJ4j 

djdJuj^ULh> jJ4 j 


djdIu^ULta> 4 j 

drfj 01^6 id Oj4j ^^Ujj 

Qljlb^ oli'di OJdj ^Ujj 


Oli'U Ojdj ^/bjj 


: Qjj J^^ywjcy «Xib>«JJ fir 1 < (2017-2016 ) 




o^duujTbb^ (jjjilb dj (^ _} 
bjUUULUO^ ,jljuWJOC) Ji\S "O 


: 0> jb_> 1000 nmu obo^u «>?«> ^ is-^Udj fir ^ir-xri^idj ^ ( 2017 - 2016 ) 

sbA O ji>T4w O 


o ( >>.> — Aj 1 is*"*yi^ O 


d& J>) u ll j ^ bLj L&jli* ^jjjdj ^j4j<U 4^ j 6j<£j^jj6$ IdjljdJ <*S 4j 4j ^^Lo j4^ I 

HCI cJdj ui u d «j J L u Cl j N3 dJjjlj 6 I^jIj <*J NdCl 4j»ji (jjjd <ilb j jjj U jLull'd 

. (IdjU*d jl^4jjjU) ui ij Cl j H 

u Lj d (il* j Ldjli* t^JJjdj ^j4j4j4^4j j ij^CbjJdd IdjUd) ±£ 4j4jdddLo j4j 

* ul u j (j J L u jL ^ jdjd^ujJdd I djU 4 J <LbbJ 4j U j £ < l £> 4jjX Jj ( j J-L fr U lilj u jjjU j Lj IS* J j I jr^ 


^)djuuu>dJCjo (^) ^l^djuuuod^ (^) 


‘fcljjLilAjJ ^d-odj djucu^ja «_>,jJdjdXj bo^Lf o^I^jlT ^o^dj 1 ‘^(2015— 2014 ) 


.Qidj^rii boats' qj^I^ (O^i QjdjdTo^ bo^lT i 5 ^ ^o^l^JiTo^b) ( 2013 — 2012) 

.dl^b ^LTdj^jfb ^5 ( 5 ^ dj qjlI^o^ dj o^dbjoJ^Uj <\S o^d_u^.i ^bdj Qlfdjc^b ,< 5 ^ ^ 5091 juifo^b di3^ 

id.iLo dJ dijkTdj >"uidj<a^oJ> boils' ^LblS'o^l^jJ i o^b ^djl^dT pdj ^yuui^o^ ( 2017 — 2016) 
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J\—>jjj v jj lib ^b 
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O’ OS CM* 
























































0 jqJkJjo.s JLoaa glSLi 


14 2 ( 1-1 ) rU 


j ^^A_Zu ^jA^Vt JluA > ^jdJAj^j tllAjA^j j ^auLj .*4 

•ShH d jL*^ J J^ J ‘jS»«»jL>^ 

A^_> ^jljJ Ij&jdjlj^. (^AJjLjA_jI_j ^<J jAJlj^J) j 6jI^j .5 

•oIjaa 14 .i 

.^dLui A^ojA^ ^jA_ijA-uj .o 
.(jlA...j\£j£ j ^ik) J ! j^ •£ 

lT*^ ‘O^jL^ 

db» H 2 O j O 2 ^1» *jlj^ V ^UJ oVn J dI-> CjA_jljjj 

(jA_1j^j — 6jlA^j (_£jl_> J <jL>A^A_> jA_ 4 Oa_)l_u3 


1-1 (> 0 ^ 


jjA_i_s j_> ^6 j6jA^jI J*> ^ 4 '/> lj^ 1 <6j£>jlJ-^- (_^AJ> VA^jl ^A_j *1 
:4 >J d J^-? <jjJJ sl^A^A-oVdj J dA^j^Li J 
( A - c >^ < -?) <sj^ ^ t£jlj^»j£ .1 

l»ajL£ t^^dijjLo j^ .1 «2 

t£*jL>^) djCljjiw ^T^Jr? O < d^? A ^» J 

cS 6 jU^) jL^ 4 -*" ,>^Jr»£ ^ oV/ij A^J L»6jl$ 

SoVAjA^Lj L>&jL£ i^^AJii 

cjI jj jjl tJ\ % NaCl yj^ s j^_>L^ a^^_»aj <a riij^ > .^u ..•>."., .3 

(OaaajA^j LidjL^ A_jajl^A^ ^A_J iA^j <_£j6J ‘J 

Aj a£ ol~w>jaJ AjL^jjAj jA_j (A i'*j\ < \ > vJa_j6jI^j 

d^j^ ^j-*- ^j-? ajA^llj ^>jjj j£ L; <0^ ,J NaCl 

c --»y*jjA^ i j LjajL^ t5jj^j 


d L u 5jL.6j4.^u jb*4^jjlj 4 X v * ^ v <2 j .c^4j jd>U 

< d Lu Sjljd" 6j4^J u I^J j jU *liJ4j 


♦ jI^<CLJjj^4J4j (I 

6j4^1£JJ 4 J 1^4^<J 4^jL JjlJj6i 4jj«>b ^j> jJ<U4^6i L&jl^ ij 6 (<— ) 

JjLJ u jb4^jL ♦Ci U 4j^U Lijld* , (jl j£ <L^i) j^4^» (O 
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_ _ " u,- F t 

jfc. 

f #' 


NaCl uJ£<&£4<y 


d£ \j£\+j[£*3 ,Cojj^JLu Cojjljjfii jL jMMbJO lijlj 4j jl , <UJ jIj j jt Ol>^ 4^ ^6j4j «4 

♦ dUil^j4^J ^4^*6j(j j4i" 4.^0 6jIj 4 J 6j4jJ uldLJ j jJj*iL ^JJb4j fijljj jU 4.J CojjlI jjU 




42^9-4j « 4Sj4j 4 4&bJ ^yuttljb 


^ C< » 













^jqJqJjo^ JLou gl 3 li 
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jl^Lj6d ^jb (o 
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^(lil^lidluldA jljdillj vlul^djLuu_ 


$ 4.UjLi’ djdjlji- i<UU<U *L£ . 1 



dl> IU jb 1^1 

.4j 4A jbjljL*- <^u$y ^iJD ^ djdjlji- ?i£ /Z 

J<UJj>L dS*12 111 


jj-o HJ J<Lj^ll ® 

AjIjLu ^4jU4J A&M&b dUbj^b <jidSoj 3 


^jjjj #iiLo jji El 

Sjd^jj&j L*> <iLJ jI>4j CojJuI jjL ,^jjJJ jL iiiLo Jji 1^1 


ftiiLo d<U S 

6j<Uj^jLl> <iLJ jl>*U CJjJjI jjii >j2jjj jL ftiiLo jji HI 

jj^Lj ^^SLJdSaj djdjlji^ i<UU4J >LS ^4 

/^I5I 

ji^lc] 

jl jAj ^L 111 jL ® 

j ^4 Soj jljdJ ^S4 j^1u4j j fd£ji dJiUAJ d<U>;:U dJd£ 4S t 4£4J ^SoJ^aj djdjlji' ^4 jU4) ^LS 5 

ijL^ IS 

^jjJuojJjl El 

4s,ii ill »j\j m 

:4J *Sm* t jSdj jjj£ ^dSoJ 4 jU4j $},Ate ^6 

jL l£j> El 


(jjjJa^) jjjjl^ [Ml j.jjij-Ktf ® 

:dJ t4 }S4J jj^b ^dSaJ AjUAj _$$*&& 7 

airjb JJ 151 

cwi jEH 

^jL 111 jlj^o* ^L 

♦ 4J blj4A d) jb .8 

jir- jir m 

j{f-jjilSl 


t i£djljgS t tojb 4i jjj>LS ^9 

cjj£u ,jjLi Cujjl jjU El 

jir- jir 0 


♦ ^dj! t ljb 4J j£42 . 10 





♦ 4Sj4U 4 <&& &LUI 1>U 


Q* OS (** 
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4 4Sj4U 4 &J) yjittljb 
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^jqJqJjo^ JLou gLSli ^J^j^o^Loli 


oLudtli f ■ ■-■A 

V •• -J • •• 


{£*£y4j <^0^ ^ t^V jaJ {Sj}*? •! 

1000 nm <J .1 * ojl^ . 

JitjyS 1000 nm^ 1 nm <J ^y\ojL*^g?- 

/■j^o 1 nm <1 .£/ ^OIS'JL.- 


•*£* <Jj\i* ^ C *<**£*j y* <£j&y *2 

(®y^ JyliJ <J y) yy (J4jy .1 -— = - 

_ 




18 ©jUki *C 


*J3 


\oycS ^5VjU>> oj»ji.3 
. IjJlpA** 48 (_£0jL* <J ^..I-t-jUl JCj • 

•Vl4>?rf L$y/r? *y) c/^V °-53 j5 ls'-JV v^Jy^ 4* • 

. («—Jj ^ f'? 4 * cC*JfjA$V>lUj^- • 

.O^cl^j C^<5"A*SflJ ^ (^OJ ^jS jlj C> COjL *jS <SVja£sJo Lli 

jij>AJ jLSaS^JAJ ^djrp ddJ4f>LA ASj>£* aL« aSaJA^aJ 
. AJIJLlJ jhujJ(JL1xJ LA^j^AA 


loyy£j Oj*j °yj\y*' (^aJLmJ 13 a; *j c. 


djLwjK^ 


AJ j^jjA^ IJ>UJp AJ Jjl^J ^jLSaSjJAJ AS aSaj oii^Lj i^uJASuJ ^Sj^- 
iji-dj^AJ jbu>£ ^SAJdjjU >j iljUli ^tjLj j j-LuaJ db^ 


oJj^aU; 


j^ajajaS ^Sajjji jr^S j jjaIj^jjj UjLjAJ aS ajajo::U jAj 


( ji^AjJ^Lu j^JLi jLuLkjljrji aSjj^ )CluJJ dLu U^LS 
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4^4} « 4Sj*j 4 &■£ ijJMtijb 


OS CM* 
























jU6)U4£ AS ^A<U jLS^U *U ^SL)jj uj4j 4) <t aJjJ 


bj|j£>4Jj$J jU <Udjlp ^SAJdUU^djAjljj 4) Ax4J>J 



0 jqJkJjo.s JLoaa glSLi ^i^oiloll 


JljJLo (^OijLp 


ojl ^SojU 


e5tS^ 10 ®J^iV e£ 1-1 AlJ^-4j jJ C0j<Ul$J (S* jljl j£ ^ (iJjjjpr j4Jb JJ ik><Ujji .5 

UUaJjIT .f 


UjLj 4i p 


IoJUaJJ^ .O 


bjlj 4J J&S 


1^ J-i J Joj .£ 


bj|j 4J ^f$4JI^J 



0.5 LjOjlS* (^Jj4jA5" aSvj (^jlp OIjOJAj cIJLj45jjAj 4 J OjOjlj>- (^4J|jl^S* ^4. 


w L> 



. (djaA4J Jidjj&jAj )<U1Juj A2j^4u1uJA^^ JmU UdjLS 

( 4 ulJj>£J 4 J U ) 4 jJ IJLU ^jJlJ 4 $J^<Calu 4 Slj U*jl££jj 4 J 

.( djljY ^.Ldjj&d4J ). <UlJUJ ^*4$ 45 j^<ULLLU 4£|J UdjLS 


•E 




4 4Sj4J 4 4&J; ^yUttljb 


«*) t> «« 

























i^jqJqJjo-i JLoaa glSLi ^j^j^o^Loll 


4 J J*p ^\jbj\jS ^L^Sw Jj *£ 4j6^^Lo <3jJ ♦ &j4j|IjJ rf UIIjj jjL (&j4jl jJ ^LmJI^j) j2 

I6j4j I jJ ^\b$j\£ ^djIjUjJb jdj 

J^^tJ 4 jLh l$Ut* b 4 -' >*bj 6 jl>* liJJJ lSJ^JJJ Jjjj Jj^jjj ^JJiJJJ *1 

♦ 4«m> tiJftj Oliftijjj 6jl jJ ^JJJ 6jdjl 3 J 

JJuUfijlj jL JJu24 jJj bjjJ bjl jj iJjjj SjIjj , sj4jI jj ^{jbjJLuj tjSbjIj^S (^Ju^jj>) jl J^Ij «2 

jjLj 4 J^ j2 {J ( j*>4^o4j j .C*Jjd£bi jAJujJ 4j j Oli&i 6jl jJ b$j*£ <3&j4j J*J%> ^d-OjL 

*j4Jjjj j JjljJ jl^J 4 jj4j ^jjj j£ jjj<J Cuj4^SijSi 3 s J 1 3j4^jjl^ tjJsj j 


j ^2>d*odj iLj 4^* ^&JJJ aJjjJ* \jAj J ^^^.*0 j4^” 4,3 ^j4^* *3 

^jLj j»j^ <3l> 4 J 4- * ) ^j-f Jj &jdjl J j^JJJ J 4 J^ J ■* ^Juj4^I^4j4j 

♦ JjLj <J d&j bj<£jjjb* 

^iru .ibj UJbui> dJ vS 0 ^ ^©^dil^j' < 3 !^^ o^ojl^ ^djlodj jolT ( 2016 — 2015) 


,30^50^5^ jL Lilfe j\S (^) 

O V O 


O^L> ^dJb C3 

di*o^l^ jlT (^) 


o^dil 33 ^1 ^>d.Mj djdJ’o^lT ^djl^LT^Jb ^ 2014— 2013) 

iS*^. <j ^O °3 l ->+ f iyO “J'y 1533,) 153*^33^ 1^33^333 O 


3^4J J>b* li ^ 4jL^" 4,*o&j4,4b j 4^4J6j 6jjj 6jlIj3 <J dUjJ4Jb ^6 j<Uj^L> ^ » dj4jjlj|j^JL 

« d jt» b j ImL)UL^ J &£ b £ I ^ ij 

♦ ( b j4j JuljjJL) jL&rn J ^1 4j CwO jLJ'4j 6 j4JJj|I jj ^1I JuLu 4^ 4 j4^jIjJ^ 5jL j4j 


b j4j I 


+ J-^ -M- 


dtjJi 


.bj I j^S L ^j4^ojUb ^jL 4jl^6i ^Jbjlj^S I^JAj 
bjlJ 


ypjjjjjj ^o^juuodj cL^jJ'LT u.mo^ I JjJ3djcu^bb (5^b dj o^l^ jlT jol S 1 ^ (2018— 2017 ) 


^Locj-A (^) 


>i J 3333 


30 


3*^0 




^ 50^1 jjS dj qjljuuljl) ^ 3 ! jj.L dj djU julT dj o^djl^j ^ 3 !( 2014— 2013) 


iO 


1.0 


>“3333 


o 


3“'^0 





4^^4J « 4Sj4J « 4&bJ ^u«ljb 


O’ OS (** 
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jLwMrfdj y y J 4j b ^ y ij I J J*+) ) 4j 6j (j\.Wj4j I <X> 5jij4jb ^ dj <jJ Aj 6 £ $ Lo > 6j4j I_$J . l 

(Cbujl^ 

Lj4JJy ^ 100 m L jL 0 g 4J j»llj^ 4j 5jlJj ^<CLmijL 4 j C*JjJ 6 £j 6 £ (a ^uj4j|Ijj yL*L&4j LLwa^S* ^\S t LyjS 4.J *2 

♦i^>„ 



ujolaljoi JLou glSLi ^i^jioilolj 


^Sjl_p' JIjS jAA jA^Aj , AjIXJ iJtj\jfi ijji 4j4j6j 1^ j4j t j£ 


IjJii , L j L j Lo 4.4b4.J 4 j4J& ljU4^iyu frjL^dJ ^Jbjj jdJ (L>\jumJ JLadS j4j ♦ j*jL ^&jl _' 

* fijly ^ 

♦ 4 JL $ » bJsj ♦ LjL jLo4.fr 4 J jlj ^^fr 4 J 4jI JJJ ^ijl jj yjjj ^ ^£4j j4j I j*j j j jj Jl|j|^ 


. Co J^w jIjL Ij4j i^ 6 jLt^ 3f J^Joy 


♦ CojJbJ^ ^6 j4j ^ jIj ^ijl^ j£ i jL-j ,1 

.^*0j4^ ^£4^J 3^ ijLo jUL j (4Jb j*LaJ^j ^6j4J )&jL>^ ^yi^^*oj4^ *2 

♦ ^3^ (^ < Lj j4^*y ^Jj4j i^S" ijLo jUL j Sj<Cuj^JjJ yj J j ^Sjly ^Sj4j j<L*jjj y i j^mAjdS . 3 


IdjLodJ jolT djajoJ> djTo^l^jLT ,5^9-^ l^di t yb ^o^I^jlT cp ^5 ^>j < 3 o 

ft O >"'^0 


lj}> ( 2017-2016) 


(^) 


>“ 7337 


7^0 


Idj djuoLiuL) , dolJdO (50^ly \£J-> ^5<3o©^I jjS ^< 3 o 


o 


7^*7337 


70 


0337 


o 


^(2015-2014) 

4 


^o^I^jlT diL^^uo jodJ jol S ^>jj<3J 


^(2015-2014) 


( 50 ^ly \1ajjSjja yijJ^^jJjJdj ^dTd> (^^) 

^ijSjLU o^d.^1 ^T^Lam ^ Id-To^l^ jlT 

i_js.j^>Ja.J^JC> dT «JjjJljl> wL^jo ^^.Jb OJi AiAMdj o^l^ jlT jdLT 1 ^ ( 2015 — 2014) 

74*7337 O " ^ ^ 


7*^0 


,«Jl>.JLJUUubO^ <_>J^.5bjL> ^dib^ yjXjJ* J&S dj dj I Juj ( 50 ^ly (5>> ^djo^l ^jlT ^dj 


^ (2014- 2013) 

*vS°^l <a buaO^ 

■»o 




4^^4J « 4Sj4J 4 4&bJ tjJuuljb 


^ C< » 

























































^jolaijo^ JLou gl 3 Li ^J^j^o^Loli 


•Jj>. # jLP LS i> j^rP J?jJJJ ^ Jtjlj 2 lj*> : JiXAi 'S-iJr 2 

♦CJj^aaLj ji jl jj jL (iiijl^ oliii jjj I^ j*Pjjjj jlj^d) C 

♦ ( jJLJ4a) 4jd-ui <iLu <& 4jlj^ jU 4jl jj 4 jjJL O 

♦J*J ij A jZm t ii 4j4jdjjjjj dJ 4 jl jrS O 


(<^-0 jdS b J jLLmiAj) 4 J J uS j jJ 4iiL<9 ^g*J 4j4j|I jJ dJ CmJjIj^JjL i 



t^djL^jd-o j4j 


jJ ^4jlIj3 CwlljJ4i CwJu jtiS 4j j»^4j 6 jIj <*S 4 j\j£ 4jIj 4jtCLkJuj^u jj ^4jlIjJ CwlIjSU djT4j ^gJj jL—jjJ 4 J jdT4j | 

4j*jU djlj 4jd£iJ 

o^> j “jIj 5 ol# 

d) ^4 j4jIjj }j iijj—gkU j^dj CujJ4dld ^4 ^jJj ( ^4jL*jjdj ( 4jd£Ujjj4d jjd*&J— jjd*£*J) ^LmJj 

j IS* 4 j *U~,*0 Jw> ^gj 4j4Ju jj jl^4jl i4j4«*d**o4j> ^gj 4jl jj , 4 j*Cj jj4i 4 jli'iJ 4 *m**o <^> 4j4Ju jj dJ j 4j I ^j 4»>^0 4> 4jl jJ ) . I ijJ ^g£*4j 4 iiil^o 

( 4jd£>)jJ4i 

(i 

^jl^jdafH- O ^ (2 

♦jLjl^4j*J& dJIj^J (3 


*dj dJI<^ clSjJ ^djuk>^ ,(o^djLua^j'o^ jcj^cSjJ wLSoJ) ^Uu. dj ( 2017 — 2016) 

l5*djdf ^Ojbdjj (^) ^Jjdf ^jl^djdjuuuod^ (^) tf^df \S&)$ (^) djuuujb dJc^o (^) 


4jdjl jj ^g*oL^dj jj^Ly»A> jdJu jj jfijl ,4 j<*,ju^j 4^ bjU<J LiGI jL Nad ^ l£j* j d^ujb j 

.CJji4i 4jj4i jlj JU4i> 4 j (iJLjjjU j4Jb dSjj> c^JLm) j J4>^JjIj 4 J 

jljJjjU CJjJjii jl^4jjjb 4 j *jb dj 4jl^4jjjb 4j 4j(^<Lh-Jj^b d^ujU ^6j4j-UljJ 

♦ (jlji&jj&i jiuJijtf 

U (C 6 H 5 CH 3 , CCI 4 ^-bjji^4jl^>) C^4j ^gJ 15*4j 4 ..^ o 4 j> ^ 4j4Jj^j <*J <Cujb 


dJl^J j Iij<U m»o 4«> j dJ jjj d^J 

If* (C 6 H 5 CH 3 JJjJJ j , CCI 4 jJ^jli' ^JjjjK6jl^> j j^j^dj) Jftj ^li'ftjA-M^odP' ^ 4 jd^Jj ^ 

♦ 4j dJL u j*J j Cu4j j jjj tiLj ^ 4j <U*^o 4 j> 

♦jl^4j<L« l (-od> ^gj 4 id id Lo jl <Cujd^ 4 id 4^ 4 j4J1^ j4j ♦ jj jUjJ d j£*Jjdu 





4S5^4i ♦ 4Sjd^ < 4&bJ ^u«ljb 


O’ OS CM* 


































ot- 1 ^ O 


O ^ 


:dft<^ dju>l> jjjji j\j c (2015 - 2014) c (2013 - 2012) 

djypj uSjJjm (^^^^l^djuuuod^ .*■; a^ a CI; bo^l5" (^~^) duuudj^Ub jjS’Aujduuj^Lj 



ujidaljoi JLou glSLi ^i^jioilolj 


lu^jo^b ^l^djuuuod^ Aj ^AJUAJ ^dLT 


o?->*^ O 


: ^( 2016-2015) 
■ 


! jS djuo ^Ufo^dX di3<^ o^djb^j'o^ iJ^bdJ ^djji 2 ^ ( 2016 - 2015) ^ (2015 - 2014) 

o©^df O O 


dJLi bjAJJjS j fijl j3 

j> j dJ jjj j Co&j dJjX 5 &jdJu^>6i Id^d>dJ 6 j2j 1^6j 3> j ^iljb dj jdJ^Li jdJ ^dJLwi ( I 

♦&J^JP J 

li* dLy l i dJ dj j jlj J ,jlj J Ou J j 4 jjX , ijd«L>jjL I 4j dJ d£* jdJ l jjiAj jJdSt ^^JLmi (u 

♦ 5jbjdMbOd> jLjJ ^jdJ bj A *u^ o d> 


^di AmAj£ ^ 3^ ^ ^Id&U jJj^bLu J jlj ♦ CUjJ&ili j*Jj d-—o d> ^ J J I iJ dwM« d> dJu jb* dv JjjULj 


♦Ol^j Cwjjji jlj Jd^dJ JbUb ^Ji4j dS"d)j j C^Lm>4j6JCu ^j 1 ^j d.. w - /> d> ^‘d^-wA^ JjjLLu dJ OH 


(jiib 


O-H- 

© 


c 2 h 5 


r 


© © 

-O-H 


H 

© 


^Jjdjjjl jj jj d*J jlj bJij ♦ 5j Ij jlj ^jlI jJJ dJ Co CwtljSjU ^^-Cu ^JjjULo ^gJ<L> j I Jjj <Lm<-»o dJ> 


^jjj ^jJbdj . jl^SjljV ijli j<U-«-od> a^Lo ^6 j4j JUljj jb dJ ^^jjdJu^j j»^dv ♦jb'd^Jjjb dCjjU j jbjdw.ya<*> iiiLo 


^o^l^djuuuod^ ^ ^l^djuuu o d^ ^o^Lo ^dw^j' ^diLodJ joLT ( 2017 — 2016) 


O^' 1 ? Oo>)^ O 




3^0 
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^dll^ dJ &£ dU ^JJJ jdrt djli^did d^ 6jl^ ^dvLi^dj d»M>4j jdj Jd£* dJ C*Jjj£b$ 4j Ij <CLyJj IjJl^ dJ jb* ^«MJjdjlIjJ • ^LutfL 

♦ 6jdJijlj^ dJ CO 2 ^ftjdJl^p* bJij . I di ^-Ojd^ 


.LLmJ d j ^jb*4j jjdJbyJ ^JJJdJ jb* ^Jujdjjdid Il^d> dJ d^Ju^ 



a 4SjAJ 4 ^Ijb 
















































0 jqJ<lljO.» JLou gl3Li ^J^j^o^Loli 


IijdLTo^^L^ dil >r dl |oL S , IjJUm dl P ^o^I^jlT ^'ITdl ^ ,j4? ( 2018—2017 ) 

o^O 

d""** O 0 Ail 2>4 O 

O^dil^j' (^) 

: o^dj|^T^d> ^yydf (5db ASjJir vJ-kj^ ^dwjdj lAJLuidl ;tr ^y.^dil^j' 2 ^ (2017—2016) 

->L5b |OdT ^jLj» db -4 ) v" uw)Q^ 

jodT 


: QjJo^ Jaa» ^I^dijl^i' dl p 

^(2017-2016) 

o^ JdA O 

CH? U O 0»? J 4* 

o 

o^di ^^juumdA (^) 

^duj dj'l3oo^ dTojilf ^djLjjutdj 

dkod) ^d> Jdfdl djl^djuuol^) IaJLui dl J 

,lf ^' j4! ( 2017 - 2016 ) 

:^dj dT dlwj 

0 lTo;ir ^UuL Q 

djJLb'LiukJ^J ^LjuoL (^) 

i5>4^ vS l *"^ O 

qaaaA ^LawL 


^jLu^dil^J dl d>d& QJ^Uwtfdj 


^ (2016-2015) 


AA> dJ O 


\£j\S dl (^) UJLaa) dl jJjui* ^^)uJU*»dl ^ITdSo^ oJ>J>lo o 


: dj i"u>^ IjJLu) dl ^yULi^dil^j' 

; o 


^ (2011- 2010) 2t ( 2013 - 2012) ^ (2014 - 2013) 




ysy-w 1 


tjS }\jMM (^) 1 ^■)g^>'lCl)Ai 


^jua^dil^i' c^> Aju^oAju \sP ^UuL 


^(2013-2012 ) 

O 


^b^odfe (^ Ja*» J"» (0 J-*" ^ v3°^> O 

.tjiCjjjt* IjJbdf jU* dLulS* IjuAj ^j&j&adJulfc J d$*dL£ ^6j6jU tjj> 6jH* jl^Jdf 

5^1jj4J|Ijj jd*jdJ d> ^dL JjlS' 


t^dL ^6j4j^Jj4j4j jLA* j j4j| Ij 3 j*^4j iLj jLj4j| jj ^dL j jl^43j J 

JJl* df 6jl^J jdfdf jjj ^d>6jLoj J$>d- 04 j j jLj d^jl^f ^fcjjdJJ>* Si C5 -0 

J .U2CO3 J Ce_2{SO_4j_3 ^[£mLo{ij^\jj ^L«j\Jj) L ^sjd$l J j ^ 


. (d^L-jUU ^^OjL) ol^6i jLjujjJl jJ ^dL <u ^ 3 ij ^ii^Lo a£ Li2SO4 j*j«JLJ 


cAjJLT ijdLTo^ jodT I^L> dJ ^yuu»^dil^j ,d3o^ ^Tdjo^Lo CG2(S04)3 ^ ,j4? ( 2014 — 2013 ) 

lUlToddb^ yj/aj&S ^db (JdLS’o^^Lj^ ^Luuod) Q»"vnO^ jO^j dL (^) «J-M^ToAO^***^. o 



jU* ^^JiL^ajLad^. 



(°C) 


,«V^ ,<«Uj 


s' 


r (°c) ^ ^ 


015*5 d p4$* iS^J^ JdJL dJjjJdbj Aj jl^ftjlS Jj .bjdj\£b$ OJJJ <iLJu4jb ^mjj4J|jJ 4j4Juj ^4j 





« ASjb ♦ &S) ^xbljb 


O’ cS (** 
















































































6jl ijji j£jjLs ^6j4j|C wJj <U6£ jL> Cu^C&i <j4j&jb^ 4^ 4 j4j6jj 4*oj4^ 6^ j4j t&jl : ^nOj< 


c^U^s^J Oj ( j4JJ jj-j4JJjj ) 4jI l^i ij { ijIl^j - 5jIIjJ) 4jlIj^J <*J < LJujJ 6>j4j|Ijj ^ ( 1 

.ulijj4j6djO 6 jj 4^* (j4Ju^J“ 6 jI^j) 4jl^J 



^jqJqJjo^ JLou gLSLi ^^jio^Loll 


>jlj5 - >jlj3 _|_ 

6jj 


>jly - ;^j* 

ltfj4^j6J Oj 


Jijb <J Kl ^&j 4 j|jj (c^u 6 i &jl O j b 4 ^ ^Oj ^ jbi -8 ^Oj j 4 ^^ B 

Jijlj <J NgOH ^6j4jIjj tiJfcj (uL»d l*JLwt fcjbr^ CT^J 4 ^) CyjjAjfrJjfr J 6 jj Ij4j jjjAjjt* (Jtfjj ^ jlj,^ v£*Jj j4^4j m 

Ojlj^jj^ J 4 ^^ ^j4J* *i i>jb"> ,Oli6ijjj 6 j4jIj2 

*6j6i cr^J 4 ^ lSJJJ 4 ^ ^J^ jL> £<■& jl> J*>c^J 4 ^J jj“° LT^J 4 ^ l«Sjl5 J jl^4-J^> ^6j4j|■ 


4^1 OJJJ^ JJJ J^" 6, ijiJu^ ct j4j ^5j4jI 4 J 6jb^ j4$* (2 

4j CLufii ^jjjj (j4Ju jj - fijl jj ) ^15 "dSjjAj ^IJLu4j6j4^Ij c ^oL^4j 4J jjj4jjSi <^OjJ fij^j 4 ^ 4 ^ <bJ IjlS* ( fij! jj~ fijl^>) 

♦ ( jASjjj—jAJJjj) 4jI j*j ^Um^Lj Jj jl jj->° tfijj 

6j4j |jj ^J *■*■£*•* J -0 CT^J 4 ^ O 4 ^.b 4 b 4 ^ (<J4>j-o) J-»o 6 jLt^ 4 -oj4^ j4^4j| 


^4ij ^iLj j ^-0 6j4jJjIjjJL Ij4j ,Cw (oJLyj) 6 J^^ 4^oj4^ j4^4j j*^4j ♦Oliftijjj 

( JU4^ ^6j4jj^>!J llj 4 J 4^j 21 ^jj4-«j) ♦Olifiijjj JLo4^ 6j4j|jj 

♦j4JL^j 4j ijljifijjfii ^fijl^4 ^jJ4j •jl^ 
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4i^4J « 4Sj4J 4 4£u£ ^yuttljb 


^ C< » 














JjIjA Ja_a jj jjjj ^Li_oL^ *5 


J oW f j*£ 


<UIjS<l1^6j ^ j £> j4_j 


iS*JJ f ^ lT^LH *-! : fLaj<Ci 



^jolaijo^ JLou gLSli ipaj^oaLoli 


24 2 ( 2-1 ) <jdj<£ U 


2-1 


vlijjj ^ajAjl^j .Cu^aJ 


.1 


(£6j4uJj£J JJ a^i^L) jA-ijjj f l£ «jj_> 

. 6 j 6j <£j ^jjj OA^A-oVoj SjU 

(_£jl£ ^^A-j <(6jjjj^aJAJk)) :iiU<A ^ *■J a J I .7 

(^AdujjJii Ajlj^^aJ IjIjjLLujO aJ A 

<J A^ajl^ ^^^LJjLj j-j <ajajl£ ^A-jdjA-ijjl^. 
A^djl^ 0jA_ijjl^£k (JjidJ (J CO 2 «6jA^L»Lj 

.6j6j6-U dU CjA i£A-a 26j S»JluJ>JjLjdJ 


^IjJjLcu jjj Aj daj I« 1 a^A^ 

IJ jld Aj j£ aJL ^^A_»6jI^o^ <tZ.u\l^l6J ^ *2 

jjJiilj ^A^ajl^d (Ci^jljldJ (jj^ *u S’sZjjAj^jajLoLj 
< LhH JJJJ ^A-jdjI^^AjLjA^J 

^Va^J <ajAj»j^jaJ Ijjlj aJ iajajaJJ 3 

.OjAjIj^Lj IjjU Aj CCI 4 0 >L>^ 

^AdajAjl^l <ajAlj^3aJ (j^^» <s) 6 J*>» <S^J^ dllLS .4 

Sajj jL» ajj :c*1j6jIjJa^aJ 


ji^*A» d ^\£6ij I j^j ^ 5j L^Oj Aj jj IjjLu A.J c^5j ^j*Jj^>5i ^jl^*> 1-LojA^* <jL> aJ ,4^jjAj # 1 

♦jli*5^Ald AJJ&&J ^jjj jALuaJ 


.uImmjO jS'Ij j»jA^ JjU jUjJ ^^oIjSijAjAj j£ ^ Aj (I 

♦ JJJJ 5^5j^ ijLtU^ ^Lm)^ J A„£ 5^Uj 5 JJb*bMMU ^ (O 

JJjaS* JA^AjA^j^o Jj JjjdalS'&jlJ QjiUS ^yli'&JjAS* JAd'AL.JLj ,jjli jALm^ 0AL> jA^ j jU jA^ 3 

, 6j4*Jj(j ij4,*^ o A^ J jjjjl^ ^JUjjJL^5jl^ j4j ,Oli6i jjj 6ijAj I jj I i^ 4iJ u j4^ , 6ijA.du5jA.jljA^d u Au j jlu 

• L0^U ^*0 ^_^-0 J id" j UUJ j 5 ^ A^” u^»iI »j 5 ^ «4 

♦ 6j l^^wOj <L> j 6^^ 5 <5 ^ 6j 5 <5 j 5 4^* 4.^0j ( 5^^ 5 ^ ) A^ia « 5 

. 5j <Llu^J 5 ^ jL^U ^5 j<lI d U A^” Aj j A.^ j ^jj A^^^o A^d j J^j jJ^jj j ^JJJ A^u jJ^ , jJ^J »6 

jLoAL^ ^5 jAjI JU d£ , bjij£ ( £j\£ d«AuAd»Aj ^LyjL ^^jAu ,CdujLj5i a5 *5 jIj^ aJ CuuljjU CO2 (dJ^ j- 

^5jAj|jj jA^jaJ CmuU AjjA.^jjL^ LuAj Aj j» j3 bJ b ^jld* ^LduAu ^5 jAjjjJjjAu j CuJjjLsi liA^5jlj^^ aJ jl^ 

. co 2 







A^^AJ « ASjAJ « A&bJ 


O’ OS •■ 

















ujolaljoi JLou glSLi 


j 4 il^a iduAdxh iijdxij iiil^djLuu 


:uLSLj ibj Idiw A) 30 djdj!^- i<UU<U ^LS J. 

3 6 j 4_s-9.j^ ^ j* ja>jL ^Ld&jl^d HI ^oj^S ^ 

^jLuoSlj j&Aj b ^djj 41 ub jJdjj4S f$l$J-j4uJ$J ^jLmoSIj >£4j ^uL^Soj A) jJ)4JjdJ (pjj dtuLS ^2 

*♦ 4jL*41 uujj; db£4J dj4j|jJ ^ j4jJ$J-j4jJp 

ObUjjj H] *u*l>j-o 4jlj^ ^Hl a 5* |BJ ^ijl^ ^^jsjdS |A| 

: uLS^ ^1 djdj!^- (,£4 jU 41 dU54J dd$ Id&b t jdu^J i£4b $>j4jj£Jx>4j 3 

>jjj jOj j >jD ® jojj ^Oj j Jd^HI 

JLo^i* ^6jj j Oliftijjj jjjjj HI JLd^i* ^6jj j Oliftijjj JLd^i* HI 

:3o ^!j4^ 

Ijudujdl jj J j£aJ Cojjj^h <C 1 jti?uj @ IjuImjj^jIjj J<^d Cujj^^j dljddlj L^J 

IjLddjdil^j JU <LJ ijJubjjJu HI IjbdLtjdl jj ^L>jjJ ^^5”4j CwJfti #jjjjlj& HI 

s djdjlji^ ^4Jb 41 4^iS4J jj)^jfal4& .5 

JwSi - Jhmi ^jjl jS d aidld jjj jsjsi <LdU HI IjJL^u d jLS* ^4jd 11 jjL^^I 

Jd-jli* ^jl^ d 6jl^ ijtjt jujjjIa HI Jd-Jd ^jl^ d 4&J4j j#j4j<uj*ljt> HI 

:ubdJ 4 jU 41 dlSAJ djdu^L jiJjJ LuJljiJ^ j 4jIJlu (pjljj jj} ^5jjJ i4J<?jlj^ j4j j) 

CwO d<l> j jdU Hi Cwti jjjj J jd HI Cu..>4J Cw4> J jd* 111 UJtJ jjjj J jdU 1^1 

:uli^ a4£ j4,u$j ^jL£j:j4£ ^!j 4^ djdjlji- ^4jU4J p[£ J_ 

^jdS jal jjjAjjjj j»jj HI sji^ HI cjj£+ij <jjj ijj<ujjj HI ^ojtS ^jj«u HI 

^LS ,8 

j»j4^ i^jUd Jjjj \£j^ ^*** ^jUd 4d^i5^ L^Zl J j Lwj ^jUd Jjjj ^d JjLwj ^jU d 

^Id^b ^ jj>wl^ ^9 

Ijjl^d} j> ^jUd jjj (Hi jldsj ^jUd j jj HJ Ijjljdi j> ^jlJ <J tiuijjtiS (HI IjjLddj jjb d 4jsjj^ |A| 

t uLSj; ^Uj jdu^j j djtjj j\yj ^jUj dCpLS .10 

j^j^44 jLjj^<Ub I^J dl 5 " 4J j»A^ l£l oli'ld (^jlS* HI Ol £*4 J jLjHI 

xuhd* i^oJ ^lu4J dibj dUjii t ubd^ jJU&AwjU ijb^J jbdj! .11 

jLjj-a* m J^b E J?J jjj 111 jJa| 

4$djt/i! d) t lJU4jA^ jU4A4J jJbj SjJ ulw^ 4S t ub jJ jJjJjJ} t d4Jdjlj^ £jJ .12 

** ***** * ** V * ** *** v * ** ** ** V* - 

jLjj-«^ub HI jdU HI jdjjjj El ^d HI 

:ujjajti 4jUd dUS^u aj ujjjtyi^ .13 

4jlIjJ dol IjS" 100 d jU ^l^dol IjS" HI jJJJjj ^jjlSiLal£ HJ jdujj 4jl jj Hi 4jlljj‘ dl^dol 1 j£ HJ 

tyljiuAJ ydJjJuA JLuLAJ 14 

34j-Jd ^d)jdl^j<b jldi<U iniijdj^ iJdJudj jLdd HI Jd-jli* ^CujdjljjJu ^j*OjdS ^jJL Hljd-jU' ^d)jdljj<b jLd<U HI 

:CojJLuJ^j AS ujuI^j dkb j^b uJjStl JJLudJ dj!IjjtS ^LS .15 
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4 4S>4J 4 di£ tjJuuljb 


^ C< » 







































ujqJqijo^ JLou gLSli ^J^j^o^Loli 


41 .16 

t^uiLJ ^1 jl>*J bJLodS 4j4jl jj ^j\j^.> 0 

OliUjjj 4j4jl jj 1^1 

JuiLJ 1jl> 

<b 4 JI*m£'4j 4j4jljj ^1 ljl> 0 

ijfaiittmImf ^ \j*m> dj 6j Aj 1 ^\ J**> 

:djdjl^- (£4 jU 4) dbJUj 4) (j^sSoJ ) (d$4llu£Jd4j^&Soi t j^sSoJ) (iLwJj *U .17 


^4jb<U 0 

^ ^sjj 0 <cLmijU 0 

: i^uxubU jj uj^jLSAj ( ^Alujfrjaj j^tSai t j^sSa)) ^LuJj .18 

ci»IH 

^StjJUjjU 0 

^IjlT 0 jj* |A| 

tuUjJdJb jbjAu^A*' djdjlji- i£4jU41 .19 


jjj-^ 0 

jb 0 Sjl^> l^J 

tuJjJdJta jhjAutAtaL jj<Ujp djdjl^ pi£ .20 

jLjj*«^ 0 


^jjir © *^ 4 . © 

bjtoj^u*^ ij4xjpwU t aS4j^::U .21 

<U<lfe JJUJU <LL*>jjJuU H 

»jbj<u^ 0 

JUjjb 0 tj<Lu«o<buj |A| 

$ dj4.U£Jd4 I^LjAJ djdj!^ ^4 jU41 aL£ .22 




$j£Au ^LS^aS 4£j 4£ bjLj<U jSaJu .23 


j»jjj © 


: jj\j j^4J djASaJ (p^U jjJ .24 


^Jjjbbj j jb 0 

jb j 0 LJj-o4j j jb |A| 

?4jLSd)l4jAufc«4?' j jLSdjAufcatayU 644U £6$6jAjJ$j t djd>!^ ^AjLaAl ^LS .25 

j^iLLs © 

b-Vji^ 9 jL^ 0 

^E jb© 

5 j^d^USlj &*j& A) 4jLS]j4j ^4) aLS .26 

jLx.jb 0 

j<ujjj Ljaj 0 

j 4jljj 0 4jl jJ LjAj 0 

4at»Ud4 ^4 j4^ £4b t£dj4JjJjj4J t iyj«44£Aj4£ ^dij^4) .27 

jb'<Uuj<b'l.k£lj ^#jl-oj ^4j<*Ji0 

C&A b 9 */ ® 

9 J^I^ 0 4j4J|^j 0 

» ijlIwAJ .28 

4jLmu4J 0 


<uljl> 0 4^4 jj£ 1^1 

t^itJ$4jl^ ^ 4J46 jJjJjJj jLlw^J . 29 

IjJlS <J jLT © 

IjJlS aJ JJi© 

Ijjlf jJ jlf © Ijli <J #jjL. © 

♦ AjA,aAj j^jwfcJ4A .30 


ibijl,^ <J ftjb* 0 

ijlLmxJ jb' jj 1^1 

. J-^-Jjj <b a3jj ^Jj>jii 0 

tibjiijb' <j 4jb* 111 

iyAj^ i^UjLS uJ^bj4«4j ^ Oiw4J jLS ^Iue4jl»j .31 


oITm r ^ © 

Oliwob jb jbj Cwiii 0 Ob*4i ibj 0 

tbluLS uLSj; a<£ ^.UjAjtjj 45uibj .32 

olSb j.^ 0 

6j<d*J jj^U ^AjdS i^^JL 0 

oisbibj jb^MtAj (Ml Ol^Mob jb^tAj IS1 

32 31 30 29 28 

27 26 25 24 

23 22 21 20 19 18 17 16 u| 

© © © © © 

© © © © 

©©©©©©©© j 





« 4Sj<6 4 <&& (fJMil t>b 


O’ OS CM* 













































O jqjkljo.s JLoaa glSLi ^i^oiloll 




’.QjOjo^j 0j0j\j^ d ^ JOj 4jjjS" 

IOJOjOJj jJ-J OjOjl L£4j[-*4j «1 

. ol^Oi Jjj IjJLi aJ ^jjAjIJ j caSaL^ Ojl jS jA^jja] OjlJj ^jlS" ^jll^Aj J 


j juj;; :Uj Jm iijj AJ jL§ a££ Aj j AJ * jLIwAj iUj 

£uJd4 jll ^LSaJjAS 


.olSo.3 jJI J^>~ jlSA3 ©>jO^U (^ojAJljjlJlj 4 j1j ^jaS* (^aL (^ojAOjSjjAj .cJ 


jUj jLj j djt^J ^jL&JjAS ^AJjA&AJjAJ dj uijd^ lja£ jlj ^jL^jA^ ^A^J^ ^rfjAS ^AJb jjAJ AJ 


olSo^lj iJli J>3j*4y aJ ojaJIjJ t Jdj cioj'jj lSjAjjjj ®JJJ •£ 


*J jAjJ$J j Jjl^J ^jL&^aS (ijJJbj ^JjASSAJjAJ £$A AluJd4 3^J ^Uj 


.uaJdJ >j!j-i^ ajAjI>j 


.tajlj 100.g aJ ojl jj lO.g ajITo^ ta 25°C aJ KC10 3 ^jajI^j *2 

0^j a£*0jILU ?oJUA^ OjAIjjjO^ aS' (^Aj KCIO 3 jAj ^ 25°C aJ jLj lOOg aJ KCIO 3 15 g jA^Aj .1 


?o j-SjJJj OIj 0 jZ jU jlj 


tjAxJjjti lOg 4 jAj 


UJLhUUte 5 g 


uaJd^ j-u dj! 
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AiM^AJ « ASjAJ 4 A&J; ^Ijb 


«*) jD 




























i^jqJqJjo-i JLoaa glSLi 0 j.*j 3 o.*Lolj 


CO jZ A^Ojl j£ IjU ?COjO^ JJAj^t ojl y KCIO3 j J bb cl jQyy>r 200 g jU aJ KCIO3 15 g jA^*A j . <•*> 

%jQjJJj Ob CO jZ\j 

Oujjj j-uLj jjAaj$jjj 15 g 

:4?ujo£ l^ojlAjjtUij^ jaJ ^ojAyJj^ ^a&j J ojojl^^ ^AjLaja Oj A?p 

lOjOjl ys^ (^AjLx^j ^Aj (^OjAjlX«Voj 3* AJ&jISAj ^>Uj3 (.£18 OjAjV 4-1 Alj*>- 3 

25°C aJ jlj 300.g JaSaJ 3 ? j^'ajoj!^Jja^i^o^ j^j c~~~jyj ^ LiCl (^a i**jb .t-—- 

?oJUASft- 


^oJjAjs*- li 40°C a! NaN0 3 aJ 15 g 0y4jJa\y y O—*J yJ tSft ji (ji ,*-J - 
20°C a] ojaiJ^ij y\j 25g a! <_£ 36g oJLSlS* oJLj^Ij ^^SajojI C0 J^3* - 


50 g 


Kl 


.oja^jjo^ I^jUaJ ^L-IS a> ca*JjjIj ^Sajo^^L* KOH .4 

24 OjAjV a! Qyjytpj 5-1 AlJU^- ^IS*0 ^!j«54j ?oJjA^- kJ/g Aj aSoj! j£ - 

.IjljU y 

KOH (^OjAjJJl y ^ISaJ jAILo.5 jjAj Ob OjAlLo^ AS'^S^y^ ^jaS" c£aL tbU . cJ 
Ki/ KJ/mol —57.61 

/ « = ^ = -56- = - 1 028K|/8 .j 


( A^JU AJ JjJ ijJ) JjJJLwjAS ASj$£ *0uJJJ jjAJ ^ajAS ^Ab !0 
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A^Ai ♦ ASjAJ ♦ a£l$ ^u«ljb 


OS cm* 


















O jqjkljo.s JLoaa glSLi ^i^oiloll 


lojOjoJU <0Ujj ^'Soj lijij&jlii *Jly *^ 

IdjOjOJU dW OjOjl 7 ^ L£Ajl« 4 j *1 

bojlS* (^aS'ojI ojU ^ 4 -i IjojIS" t<Joj c£ CaCl 2 . 1 

IjjIj a) aj ftfAJ oJ&£ jU^ 4i jL^Ajjjlj j 4UJjjjb ^jjjLj ^S4JdJ4U<3djt£ CaCb 

UdjLS ^jAjUaS tiuJU &$ ^ jLSaj]j!j 

.^jij (JaSsJj 7 jl^jA*^»A^- ^ 1 -^ (^^Aj 07 *a>>Aj • ^ 

^ A£AJ AJ AJ JJJJ Jj T^AJ jaJjrUttflAftiU ^lw ^jLSdJjA^ Jj jmoSjjIj JA^AJ jlJjA^yJA^ ^iw ^jL&JjAS 


•J 1 ^ 


.CUlw*lj jl>AS"Aj ((_^jj) OJOjAS"L>- Ojl^-r fj^* ^ cO^A^jjl? OjAO j^7>* .£ 


ASf$!j^ jAm Aj^jj aj uLSjj j»AS jLl JLSAjUjLS jjAjJjI^ ^Jjj£ ^jAS AJ a5jj^ 


.cJjU JaS^ jU JaTaJ j cJjo:> JaSCs C 6 H 5 CH 3 iX^ *jl^A jA^jU a? I^lj .2 

.OjOjAJLlgj Oa5"a>®Voj jJjLujIj ^aj4*www«4j>tlj ^JWjjLfc <jL> tjtajA^*A>* l)Ij caSojIj^UAj AljjL) ^ 


uijLj Ja5oJ jlJjA**«A^ £$Lj JaSaJ j uijJJ jA$uJ JaSaJ ASj^JjA^jA^jJ ^mAJjU 


. OjOjOJU ^^Ssll ?OjAIIjJjIj iJlJ7^ bU caL^ ^^oASojIj-^IjAj Aljfjlj l)Lc^ 


Jj!jjA*yjA^ dljjp* ^J^ ASj$£*tj£AJ 
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^^9-Aj 4 4SjAj 4 4&J; ^yuttljb 


' v □! c®* 






























jL tfy. 


AjIj AjI JLIj yjtj\y ^uy Cw«L jA^4j j»^Aj , A^jAi* bj\j£ Aj Ij AjIjCu ^6 j!jJ jjj y^>jy yj jL-yj^j <J jA^Aj 



i^jqJqJjo-i JLoaa glSLi 0 j.*j3o.*Lolj 


♦ ^jjj 


. o^djuub^jb Lbjbl^j'o^ dT djdjo^l jjS ^dj 1 ‘ 

-( 2016-2015 ) 2 ^( 2013-2012 ) 

9 >** O 0992 9 O 

9 >AU O 

0992 9 >** u O 


\A»V>- (A 


( M jb ” ) ^A^A^Aj# ♦ I Ju 4^6 aJ Aj6jIIjJ aJj^o ^fcjLoj 


(£)*j\j$ ^4jLa3 




n = 


d)>- (^P 


♦ ^LyjL ^ ^UliAj 


>j\jsm (g) 


6 jU^^ (i) ^ ^a^-L a}>« ('mol) 


^■■■iiii t jL* d«» C - W m ’ Ij J>£j *o” bijiS 1^^***?JJ jijb iSj dl-'' d dj( d.». n , I JU dJ^- 0 ) ^A. " m „ jL 


,£*jj$b$ j L. — .. I dJ jjU dddjb ^d7i*n> dJ d£" 

(H = 1 , 0 = 16 , S = 32 ) g/mol ?»jod» H 2 S0 4 j*s-yL j 

^di-jL H 2 S0 4 = (2x1) + (1x32) + (4x16) = 98 g/mol 


1 L= 1000 mL (cm 3 ) 


(L = m 3 , mL = cm 3 ) *J d ~. tJ > »jLd3 


0.125 A^ - iJI^6 jLa3 j lijlj UmUjL aJ Kl 5 >85 § ^6j4jJjljJ aJ Ai' ftJUA> bJAjftjb^ 


166 — Kl jALdjjL aIj^o L 





A^AJ « ASjAJ « a£l$ ^u«ljb 


O’ OS *■ 































O jqjc.ijo.s JLou gl5li ^^o^LoIj 



0.1ZS(1)X166(JL) 

H 2 SO 4 0.15 M ^ 0.5 L <J H 2 SO 4 W )J> ^6jLoj 


n = M x V (L) = 0.15—— x 0.5 L = 0.075 mol 

Li 


NaCI 146.3 g JLJ.^ * c-jj, j NaCI 3 M 
( Na = 22.99 , Cl = 35.45) g/mol 


NaCI = (1 x 22.99) + (1 x 35.45 ) = 58.44 g/mol 



•jU m (flf) 

M — 



^ / 

a 

,mol 



•jIjh m (flf) 

1 ^¥7 _ 

ij^v yL,j — 

Dfl X dJjmA | 

' a 

<mol 

) 


V(L) = 


146.3 (. g ) 


= 0.833 L 


3 M X58.44 (-^- 7 ) 
y moV 


•m)4j 4j <UJ 5j \jS 


o^l jjS ^o^bdjj ^ ^o^bdJd 




0.8L ^dj’o^bdJ^ djr 0.5 M HCI ^o^i^jlT ^irdj^o ^o^Lojj 
mol = M x L = 0.5 x 0.8 = 0.4 mol 


^(2011- 2010 ) 


. ASoj\jjS 2L oJJdct C3(OH)2 5 X 10 iVf 

mol = MxL = 5 x 10 -10 x 2 = 1 x 10 -9 M mol 


c( 2012-2011 ) 




4 4Sj4J 4 yjLi/ljb 


^ c< » 































^jqJqJjo^ JLou gLSli ^J^j^o^Loli 


i NaCI dj 145.6g ^o^dsi^j ^ ^ NaCI 3. DM s ^o^bdjd 

^ (2017-2016 ) 



V ojjd^ t58.45g/mol $<$s djuuo^b di^o) 

48.53L O 

2-8L O 

8-3L O 

0.83O 

^Tdjo^i^j s 2.5L dj 

o^i^di’ ^ { 40g/mol ^djuuo^b dj^>) NaOH ^djuu^b 

2t (2017-2016 ) 




:*nroi0.010M 

2.5gO 

o.oiogO 

i.ogO 

0-40g O 


VoJJdqi 0.70 L dl 

0.33 M HCI ^Jc^jo ^o^Lo^j 

^(2018-2017 ) 

0.47 O 

0.38 O 

0.28 O 

0.23 O 

10 g djf 0.171 M ^50^1 JjS O^Lob JJ Vo Ajd^ 1" XUM^JU 

i5<)b (ITI L) ^j^jJjlLLuo Lo^j 

^ (2018-2017 ) 



58.45 = NaCI ^djuu^bV jjdoijdj ^ NaCI 

1000 O 

1000 

0 . 001 O 

0.1 0 


(B 

♦ lijdJu 'jj j£ j LT dl 4j fijl dl^-s JfijLoj 


( # jl^ l)>°- J 


(K jL 


= «=*«>• 


m = 


n #J ijs (moQ 
mj^v (Kg) 


'•(J^j^ ^L-»L> <d ^UIsaj 


•jijs m ( 5 ) 


m^>" (tf#) x M4 )»jIj3 


j 6jljj Cm^ 


( <U6jl jj A) B <J jJ 10 jUdf A jJ 2 ^6j<UlJJ :jL-*jJ j ^ 

♦ d>i.iilwO Ij4j d^olS* ^*CLmjjL» dJj^o jL-*i 4J 

♦ 6jljJ 4J 6jjLj j<Ujjj I JuL-jU ^jLd) ^ 


♦(^Jd ^ 4 ^ 4 j^> dSjJ> j»l \j£ jL j»l jfjLf 4 j <Cb*>jb JJl^JlLo jL jiJ 4 j jIj ^ 6 jL 4 J ,jIj ^jdujJ jj 

<)b o^LdJd ( L ) = ^Li djuwj^b [KCf') 

o^bdjj ( 7TlL ) = ^b djuuti^b 

j 4 ?*j 





43^4* ♦ 4Sj4J < 4&J; 


O’ OS (** 







































l^jU 200 § dJ j j.'*—n. i^j 22.S § a 5* j ^ .,i,iiiijj 


58 — o A jLnn j L 


= 0.2 Kg 



^jqJqJjoi Jloaa gLSLi ^i^oiloll 


•jijswi (g) 


(K-d) * cS 4 - 1 -^ 


= 1.94 m 


02 Kg x 58(^) 


5 4 iluuji) I^jIj 400 § <*J 0.244 m ^^^ 6 jud> j*(^ CH 3 OH JjjUL^ q ^jjj 


— J j^o <cl^jU 


1 Kg 

(Kg) = 400fl x —S- = 0.4 Kg 

1000 g 


#J lpm(g) 

m j*"> (Kg) x (jJHqi) # j^ 


niftjljj (a) = 7?i x nij.ujjj (if a) x *)>« (--)ojip 

mol 


9 


(g) = 0.244m x 0.4 Kg x 32^j = 3.12 g 


25 


♦ 6jdJL>jJ.X> L)5 j4_wj j4.Ju Jj ^^LyJjU jJ..) j^O jJ , jjlji 6jl jj j i jljr^ ^4jLyJjL> dJ j 4^*dJ 

6jl^J ^4^»yjjU &jL^" ^4^LyJjU = J 4JkJ^J 4*>lj4^ ^ALk J jL + fcjl^J ^£4»LyJjU = ^4^LyJjU 


oJJd^ dTo^l ^jlT ^juJJ^o , I Aj d.r OJ I jjS 1000 g dJ Sjj dJ 10 g dJ ^i'Ub ( J^-iLuJ ~ v 3 °^ i 5 ^»> ) ^Tdjo^l jjS 


.254 g/mol = o^l^j ^djUu^b ^>dfdl 




« 4Sj4J 4 4&J; ^yuttljb 


^ C< » 






















^jqJqJjo^ JLou gLSli ^J^j^o^Loli 


. b + o^I^j .b— 091 jjS . b 


o^l^i .b " o^l jjS .b— b 


0.990 = 990g = 1000 - 10 = ^ b 


C 9 ) o? 1 ^’ ■ k 


(Kg') . L> x L 

10 g 


0.990 Kg x 254 


= 0.04m 


? id 9 u 400 g <sj 0.244 m ^ at oAida. CH 3 0H ^ ( 2015-2014 ) 

32 — jJyUju dow^b 


1-82 gQ 


8.15 gQ 


3.12 gQ 


5-32 gQ 


200 g dj 22.5 g dj ds 1 jjr<xjo^i^>jjr dj ojjd^ 2f: (2015 — 2014 ) 

58 — Q^JJMjdj djUAl^b . * “ Vi A) I/o^UU l^b 
1 1.94 m O 


30 m O 


22 mQ 


50.1 mQ 


'.*zSjj\S i^J^o ^o^LoJj dj djL aaaS *dj LtSdjoyljjS ^yuuodk (2015 — 2014) 

^b^^odJb (^)1 g/mol = ^djL>^j Ql L = O^I^JlT ^O^bdJa (^)1 kg = jdjjyi ^djLAAjb (^) 


dl^o) ?oAi<^ $b 1.00 kg dj H 2 S0 4 4.5 .i>To.iLolj c^> |°l>^ dj o^l^j' ^djuM^b ^(2016 — 2015) 

( 98 = H 2 SO 4 ^dAAAJ^b 

0.441 O 21.7 O 441 O 0-045 Q 


32 2 < 3-1) (yyS 


26 


3-1 tjjjdS 


i \^ i -v ' 4 \ aJ jj NaCl (g 100. mL aJ A^ajLj 
Vj-o <C*JjA^6J Cm* 6J JjLa N^Cl aJ 1 1 .3g 
SCxbaJ JjA^. NaCl 

Vjpa A^ ^-1-1 A-l->IJ IjL ^ J~tiXl6^jA-J .4 

Ojj ^^A^ijjLijlj ^ <o_i >1 jaJ 

JJ A^uj^aj 


^6jL»Aj5 jAau aJ 6jI^j ^jl^Aj^o C£ 6 jLaj • 1 

SAaia Cuaj^aI jIaJAj 

£>j£> jjl^5 ljjl_> Aj t Q^W2^\ ] (jbo^^A-uj 5.00 § ^A^A_i .2 
(OjjA^_> 0^0 a J (jl-AjA^ajIjA^ 1 .000 L ^ajA_j 

Sa.ljA^.Aj ajl^A$ jAj ^aIajVj-o 

jj-aAj& jjLoJa_a ^JiL£ aJ : L^Aaj j Lb I j ^ajA_j r^i 3 





A^AJ « ASjAJ ♦ a£l$ 


O’ OS 
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0.0146 (mol) 

M = — - — ttt = 0.0146 M 



uJoJoljoi JLou glSLi ^iijio^Lolj 

•crtjXS-' J 

. C12H22O11 342 g/mol .2 


.NaCl = 58.5 g/mol .J 


0.1 (L) x 58. 5 MM 


= 1.93 M 








jul/JjA 4j (JLiA? t d$dj i<UU4J ^LS J. 

© 4Lu jLaj H IS 


s«jj^ ^44 0.202 mol KCI Uj 7.98 L <U AS dJutjlj& ( M J 


1.363 


0.0253 © 


0.459 I 


0.0132© 


$«di4£ 4jldu2i$jLj 4.47 Kg 5.10 mol KN0 3 3 


1.141 


0.779© 


1.021 


0.315© 


74.6 = (s i>.LjS«Jj4e4jldij 125 g KCI Oj 4.00 L <0 iS, ( M ) J 


1.14 


2.14© 


8.561 


0.419© 


36.5 = S»dj^ <ui-uj £ji> 5.00 Kg 4) 31.0g HCI .J 


15.14 


0.425 © 


0.1701 


0.062 © 


36.5 = yi>4.L» $ $«Ji4e b 0.33 M HCI 0.70 L 4) HCI (pjUj J 


2441 


89.3© 


1171 


0.23© 


40 = JuJ <u ^<jS4jb<ua .jjj 0.555 ,j^jIJuu^ NaOH A) 1.90 mol , NaOH l.#S 7 


3.42 


5.911© 


1.051 


0.623© 


?4jIJuj NaOH 41 8.20 mol <& 1.35 m^4jdj!j^^j£daUlj jjddj4£ Kg 4j ^jIj J$ 

14.42© 7.44© 11.1© 6.07© 


58.4 = ?4jIJlu & 1.00 g NaCl 45 0.171 M aj uuj^u ijL> mL ^>iLk j) 

1.14© 1000 © 171© 100© 


85 - ^^.Lj .dJbA^ , 750 mL t£A2d}Lj4^j ^lJLuNaN03 85.0 g t\& ,10 


14.42 


7.441 


11.11 


1.33© 


40 = tfija.b S 0.450 M 200 mL (jjjj&iUlj jj dliiijjn & />lj£ aj NaOH ^Alaob 11 


17.42 


1.441 


31.11 


3.60© 


11 10 


m m m m m m 




♦ iSjti ♦ &J> ^ijb 


^ c<» 




































. j45sJ0^L*lj ^lJ/Jj-4 Aj jl jj\j ^L^»A>- c^ojlviJjjlS" jA^o0^ j? ^ A^oAjVa* jA; 

lLjUJS'^KCl 0.600g aj>. ^0.600 MKCl^oj!^/ Aj ^^ LuwO ^j c^IjLj . i 

- 0.6 molKCl =£ 0.6 g KCl - 



ujqJqijo^ JLou gl3li ^J^j^o^Loli 


Jljb 4j}j JiJ d4J AjLSLj ajl# jUaS*jLj ^Sjju) jIj jj ^yuuLjjj ^ ^bj 

6jj4jS4j t£A)Ub 0.6M ^SAJdjIj^yS 

^jjA^L^O.3 jJ C.«IjO^ NclNO^ 2.00 g Aj AS" \j\s (_^lj cAjA^ 0.02 M NoNO^ (^£ojl Aj cl j\j 

.jU a) (£ jj. 1.00L (^AiLiJlj $<s 1.00L < 50 >jI>a 5 ^ oa^S” c^aSoj o;ol* jaJ IjU .0.02 mol 

djLuAjliAJ^jl^j^jUj^Sjjj Ijb 4 j>j 2gJ<G 1.7g <£LS^ NaN0 3 <U 0.02mol ^Aiwjb 


:oJu jLLj fjjjj \^UiJj aJ ojAyjJ^ J ojoj®^ ojojlj^- ^ ^^T 

.-Til /o^UU l^jAjJ y 6.0L a] OjlJj 2.0 mol (^OjAjJJIjjAj aS" (.oJaA&r IJajOjIj*^ - *2 

CH 3 OH 8.0 g ^OjAjJuI y Aj aS** oJjAj^t .1]ajOjI^3* ^AjOjIjJ l^jU aJ CH^OH - 3 


?c-&ll/o^uu bjU 250 g a] 

6j4i)jjjjj JASAxJdJjy}* uJjjljjU) djjj ajijfAjjjUi ojijtS &jLj& A&fZ 4J4J4A : l 


^-jL} 


m = 


jAii^j^ aLijU x 0.25 X 32 


= 1 m 


:u 
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♦ ASjAj ♦ 4&b$ t^u^ljb 


aj ®* 

























O jqjkljo.s JLoaa glSLi 


ojojl y* (^AjAJLlSjLft ^aj j c.Jjq^ 1-bA ji jA*jA« a) c lSj^ «4 

CaC0 3 (s) + 2HCl(ag) -* CaCl 2 (a^) + C0 2 (g) + H 2 0(Z) 
CaC0 3 &z\jj ajI/ 4.0M HC1 a] 25.0 mL dials' ^I^aajA, j* 
^oJjA?*- I^A^lJjlS* aJj!/ jir HC1 C^0j^*J- 



mol = M X L = 4 X 0.025 = O.lmol 

1000.g aJ ajIjl? (^ojlI jJ 10.Og i(jl% (joj\jS j tcJ ^o^L*U C 2 H 3 OH cljJyliJ aJ I 2 (s) ^ojaJJJIjj aj <s*iy\ *5 

.IJja5ojI 


?AjAJb I^AjOjIjAj lOOO.g aI jAjJy £ JJa^- .f - 


^Pi>i = 1000 - 10 = 990g 


?oJJa^> ojl y ^S^y. (^ai^jIj - 


10 

mol = —— = 0.039 mol 
254 


?oJL>A 55- o 1% f 4 ^ L i^^y* .£■ 


0.039 

m = ^ = 0.0393m 

0.99 


CULjI y Ij (^aSaj^s- jA^Aj tOjOjA^o jjjj Sy L$*iy. L£ 0 j' ^lj)ly* iS 6 J^i C£^L> •* 


kg/L jU g/ml 

0.039mol jLauU <juJ 4J djUAJ ^Lulj 

^aJjY^a yJ d£j AJdjLJAld j*4J jS^!^ 

_ _ mol 






M = 

99999999 * M 
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!oJj jlJ^jl^ 0j\j£j\^j4j oj&y AaJiU^ aJ dj4iijj^ ^Aj ^o*^oj • AjA^ 

cajaa o 0.30 M CuS0 4 (joj\jS 500.mL 3 

VoJJAj^- AjAJb I^AjOjI jS j aJ a 5" ojljj ^ISaJj^* 1^0j\j*j .f- 

mol = M XL = 0.3 X 0.5 = 0.15moZ 

?oJjA^- AjOjI jS £4j i^So^Utt y CL^JyJ y ^ylSA *!£ .«-*- 


4 l*»jU 4i>* = mol X 4l*ijb = 0.15 X 159.54 = 23.9 g 

.oja Zyo* bjU 900.g aJ CaBr 2 90. g .4 

?oJjA3!r AjojI^S* jAj - 

£*jU 90 




A2M£Aj « ASjAJ 4 a£u£ 


-V Qjj (J^ 
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34 2 j*<£<u ii^<y 



^jqJqJjo^ JLocd glSLi ^j^j^o^Loll 


0.010 g 

_ ~.o 

(_£ AaL liliJIj I j^ ^AJ ^jJAJAjAJiIja (^6jL»j6J .8 

JdJ 4 ^ IjjU aJ jSjjJ ‘0^ 6 j^ .1 

^LLx.A-i jajAJ ^aJjAJ bj^JjAj ^Ll^Aj 

3&J (_£&JjLo (j£ J-jAJ& «ajAAA_>djjjA-» ^-djA^ A^ .o 

^^-Saj (^aJjLo ^jjA_a A_> <&jAjjjj6J IjjLj aJ jjjjj 

.&jAjjjj&J ^LaA^ jj 


V,sj ji<L^ 4J JJjlj-J^Jb 


:< ^j^ J^> *1 

AIuAjjLa ^^AjAjjjLj .1 

Lj& jl£ -O 


7E 


l6 J LS"? j <JJJJ 


^Ui. .j 


J<Sl: Ji. jjj <S ojLi lj .2 

.^j-ijlJ jAjal^A^, ^LljL^JjA^ .1 
^ ^_» ^LajL^AJ jA^ -O 



^Aaaj^. JI j A.p (_£6 JjL»J I .9 

.6jAjI_£j <jJJj Aj&JjLjJ ^kAj a£ <6J6jA i iJA_jAjjjj_> .o 

vil^j jjjjj ajjLo jjj aJ <ajaj& ojljjl jAj ^IJa^; .10 

a£aJa£a3 (JjJ^ jj^ ^jA^_) ^3JJJ 

<jL} Aid (jLj AjAaa^AIuJj ^£6jIja!£ LjLj SojASLj (^jl_i J 

Sa»j6j Luj jd^ 

^OJjj^jlJ tiJAjj jj*L j A_j 6jLujjd^ J_J . 11 

.6j6Jj till! CjA^A dVfij *:CUJ I Jaj U"!*" *J^J^ AJLuJjaj LU .12 

-^. 1 jjI^aJaJ> L_j j cjjJjj^aJaJi Jl j j > (_^jl jLi^ .13 

SA ajI^A^ ^^jA-lujLa AJ 0-^<A_iA_d .1 .14 

a£ cjA^6j (^jLjJ AjAJL jAj A^ Ajljl£j_A jAj -o 
jAjjjj “ajljj ^^-jA-ujjL_A ^jLj AjL^sj Ijjl \\~\ ajIjaS! 

sa_>_> ji j (_^fij^j^ .1.15 

Sfcjjj tilA_ j6j ijd^ olj6J ^jLujj A^ A_m-^. AjA^JAj jAj o 

jajLj ^gjIja^ •£ 

‘jA^aj^. jI^Lj ^^A-jaJjLa ^jVwdjAJtl aJ Ca-ujAjAj> .1 *16 

^1£aJ ^jj^j ^jl_»J AJLuijj^j A^ AjL^jA^ jAj o 

. I j^a_j&j jl_o ^ j~> j jajA-l> Ij3 aJ 21> i j I j L4 
^ >j iMij j A^ CjL^6J ^ 6JjjjujA_ j Llojj jAj .1 .17 

aJ J^jA^j jIj5L»jL»J ^Ad^jjld ^6 jAjIjj ^jJLuijljj 
SIjA£jJ ^Aj&JjLo 

( ^»\ jjT<i Lftajj^. ^-wj Aj A^j AjLlujj jAj (^Lllj ^_ujL» .o 
.( jL^6 jA^ u.dA^. ^j-i jjl JjA-ui-oA_2w 6 jA_1jjj jdjljj ^jIjaj 




^5^!x aa 1 j ja5^a 1 A-j qa^.>j$6j Ajajlji. ^AjLaajLj ^aJ .4 

S i~<\ \ A Aj 

(5JJ^ (^AIjjU .1 

V 

jA^jjAj^ ^_j (^AIjjLj .o 

JLAjjLa (_^AajjLj 
| - J | 

Cij >6JJAA (^fijIjA^ <lj6j6jljik. ^AjLa.jA-6 ^AJ jJjAJ .5 

q J^ JJJJ ^ 

.oljljAJ ^jJuJjja^aJAj jA^Aj .1 

•6J^6jIja^ AjI j$ <jA-ajjj (^j^jjJ J 4 ^ 4 ^ ■£ 

.6jA£*jIja^ A_jIj£ <6jIjj <5jJjjj (^^J-* J 4 ^ 4 -^ J 

:A_jA-cAj A^ CaJj-»6Jj 6J jjljJJ ^^AjajlJ jAj A_j 0 “JjV j^ .6 


.La£6jIj^ aJ 6jIj3 ^L^aJjj ^JA .1 I 


• 6 jLf J^-A J-? *j'j^ ^LS^jIaJ (56jLaj o 

■ajljj ^lllj^ J<-A JJ J^JJ (56 jUj .J 

Ijj 0.010M ^a^jIja^ ^ 2.5L aJ , NaOH ^a^ujL .7 

:AjL£6J 





A^^AJ « ASjAJ « A&bJ ^Uttljb 


O’ CS CM* 


























^ &J IA 



^jqJqJjo^ JLou gLSLi ^isjSoslolj 


jL&jLdJ iJ, j4>j4J& 6j4J1^4^Jjj4j ^J^<U jl^dl-o 4j ^^Ujj C>j4j 4) 4«Ju^ ♦[JljULta? £ J *9 

* &£j&j 

♦ I <dj*o j j»4j j4**> 4 J Ujjj ♦ O 

jL J.-0 jaS 4; ,OliUJJJ JJJ ^jj^Jj4j J^J Sjl^r^ 4$*4l4&u j4^4j ,(iJbJ^Ju j<Lyj cip^JLu fijj^ry ♦ 10 

♦ C p p L u S^ pjlji jjj ijL~>j\£ 4j ,Oliiijjj ^^Ujjj ^jj^j j4 j 6jL«<£$* 

♦ CujJLp&i 4&jJ> 4j jLftjLiU j jJi cl^J bjjdS jJ4j <J 4^i^> «11 

.CyJ ( jl^* 4 J jl^* ) jL ( Jpj 4iJ Jpj ) CvLyj^^ j 45*4 j 4^*j j 4J& 6j|^S* 

* NaCI 4j jjC jj ul Lj i Ldjli* ^jjj4 j ^<L)bj\j£ j 6>j<LJjJii I £jUdJ 4^ 4$* 4> 5j lp> l 

j£ 4m I 4j J^C JJ ul lj i (iL u Li jiS i^JJj4j 4 i 4 j 4$* 4j 4j 5 j I \j£ j 6>j<L*JjJi£ I itjl j<*J 4^ 4^4^ 6 jl^ P rc^JjJ^J^U 

( ^&4*jjU& 4 J, 4j|jCu ^6jlp> ^j4^> j4j ^ j4 jJ *14 

♦ (Cp» * j 15* j4^4J ,j4 j , ^4.L , j44j^j ^L*tjj*j , 6jlp> ^PLmij^mi) .<*p 

♦ Ii4^6jl^^ ( ^&4-wjjL& 4 J, 4^ljCu ^j4j j4J 4^* 4v4v6jl > ^ j4v J .15 

.Jj6i I JUu j4^4jj4j 4 J 1^4^6jIj ^5)jl^* 4J ijl Ijj4j ^5jlIjj .O 

«^p4> 4^ ^4>JijL j4^ pM> (jr^ ^ 4j IiX»L i 6j I 

JijI^jjLi iJ^-Z ^ j4Jujj ^jl4J c ^4j#6jI > ^^ 4^4j6iiLo . I ,16 

*C^J^ J 

( 6jAj*+JJjJbS j>*£J — jj^^^J) 6 j4jII jJ ^gJL.^-L i ^Ljj ♦ I ♦ 17 

6j4Ju^iJ 4 J jLTfijbj4-y-^o4> 5jl jj* , ij^JjJti jl^iJ 4 mm^o 4> ij4Ju jJ 4 J 6j I ij 4 m^o 4> i j I ^p ). »0 

. ( 5j4pjjU |jbJ^4j jlj4j j I ij ^Lm^o 4> j j<Lmc4> ^ ^4j , ijtCJjJii jl^ Sj<U^o4> 
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4b£4J « 4Sj4i 4 PumIjLj 


^ C< » 






















aJ ^ajljjAj ^1 £aj .23 

a^l^/ ^jLuja^aJ jluLjL^/ <_»l j^LujLj <Ij^Li .24 

:Ajoj/-i 

^V>.o ^V> .1 

LL <*j*s>\^ IjjU 1.00L aJ o KI 2.00 mol ja£a$ .25 

OJJJ C>Aj£A-aVaj ScujA^aJ 2.00 M[ ^/A_ja^l^/ 

6 jajAflJ 


t*ljuij-i JJ<L^ 


jljAj ^£[jjj aJ 6C) Na 2 C0 3 106g ^Lajj^ .1.26 
(j 6.00 L IjjU 

SajjA_^. Na 2 C0 3 ^ajLujjLi aJ^a (1) 

SadiAja. A_>6jL/ jAj (2) 

j CUJ 150 mL (_£A^6 jLjAjS a£ dAjajlj/ .o 

Sajja.^. ^ NH 4 Br 14.0 g 

aJ 3.5 N1 ^ajl^/ajL 1.00L cujaJaj J .27 

<cuA^_i6jLaLi H 2 S0 4 

SA_jA^L^ 6jl^j <1 jA_ja jL/ jAJ (1) 
cajA-oL^ jaAj^j (2) 

jAj ^j/ajUL jj aIxuj^Ij ajl^l ^ 1/ d>A^> (3) 

2.50L ^_>jj^6jLdU> ajluj^aj ^1^^ jjA_^ .o 
s 1.75 M Ba(N0 3 ) 2 ^aji^/ 
^ajl^/ 65 .mL aJ NaOH ^I^aJ^o ^ajLoj .28 
.(2-1 j^-oj ^uj^j AjljjA^ Ij 2.20M NaOH 

aJ (NH 4 ) 2 S0 4 26.42 g (_£6jA_jjjl^j aj dA_>ajlj/ .29 

^j/ajLoL J"? ajlj^6jLoL IjjU jIjAj ^/j^J 

.a^U^ 50.00 mL 
SajjA^. (NH 4 ) 2 S0 4 ^aJLlujLj aJ^o .1 

SajX^. A_>ajl^/ ^Aj Lr ^}jV^> -o 

jL^_ 11- 1 - 0 Aj Cjj-oj^aj (jo jLaJ cjjjAjaJ .30 
^j/ajLolj jj a£ ajAJLjj jj 1.0 M AgN0 3 
■^^jU Lhb^ AgN0 3 169.9 g 

SA >>->. A_ujjj ^Aj jj Cjuaj^Ij ^jl^jA_A ^A^A_> .1 

SaJjA^ AgN0 3 ^aJuajjLj aJ^-a .^j 

SaJjA^. j mUK* Aj A^ajlj/ ^6 jLjAJ .£ 

^Aj c5a£AjjAA> ^ j/ajLoU JJ 1/ Aj ajl^^j ^Alu.jL .31 

bjL 1.00 kg aJ 4.50 m H 2 S0 4 ^a/^/ J 
IjjU 2.00 kgAj 1.00 m HN0 3 ^ajl^ .0 


^jqJqJjo^ JLocd glSLi 0 j.*j^o.*Lolj 

aJ ^jlnajAjIAjl£aJjl£ ^jLlujA-j .1 .18 

Cl i<nlr.. 

Scjl^aJ AjjjjajjAj ^Aj CmZijIj/ LujL .o 
C 5>? ‘ C5 J Wj jAjaj ^LIujA^j jASaj 

^£6jA_iLaA_j (OjJ ^-1 ajAju^jaJ IjA^Aliu aJ ^ajl^ 

C C5J ^^> ^ S* J JjL jj^Aj^ 

^jL^^A_J < 6 jAjIj^ (^j^Aj 6 jAjA- iijjio JJJ .J 

aJ (^ajAj j JjLu 

Scu^vajJA-A jLu>L^ 

^AjIjI^aJ ^A^Aj jAj& ^_iAAJ6jAjjl^j < 14-1 aj^jZu ^ajA^i .19 
:A^j (^jLj IjjL 100g aJ ajljj ajajlj^ 

.1J10°C ^jaS ^aLaJ NaN0 3 .1 
.Ij 60°C ^jaS ^aLjaJ KN0 3 .u 
.Ij 50°C ^_j-ojA^ ^a-LaJ NaCl .^7 
^Aj ^jIa-ulU IjxajA^ ^aL ^1£aJ < 14” 1 ^4^ Aj *20 

Cc4j^ 6J L ^LijajA^ly; c56j6jlji^ ^AJjLL^L 

Ij 100 g H 2 OaJ 50 g KC1 J 
Ij 100 g H 2 0 aJ 100 g NaN0 3 .u 
Ij 100 g H 2 0 aJ 60 g KN0 3 . e 
. +22.8 kj/mol :AgN0 3 ^aj^jI j& .21 

IjjLjaJ AgN0 3 ^6 jAjI^3 A^ Axuj^jj AjAJ^jAj .1 

cJjaJ ^jLuijj 

SjaJ ^L» aj-® jA^ ajAjj jjl^p ^aJj^ LjLj .o 

SjaJa-ojAS ^La^u) jAS LL 

A^ajl^jS (_£A1 j <ajAljjjaJ AgN0 3 jIjjL^ .£ 

< cuj6j I, \\K \ A-mj La ^jL aJ a£a aIxoaui ^1V>1£ .j 
C5^J^+» Aj <ajAjljj ^Ijlik. (j\j£±* 

<\£j. jA^aJ (^JjjIjAj 

ajAjl^j <A^j ^_j o-tuaJ <ajA jj^^A-ujjLa ^jLaJ .Jb 

^jA^ A^ajljj^ jA^Aj C»jj^6J UJ^ J 

J ^ 

c5>» Ajl£aJjL^ <34^ (^®jA^ C^aL t^AjAij^j JjAj j 
^ jA^J>4>H C^A-jajl^J 

<J ^jAxxjjLa (5jLj AjL^j dAjjl^aS IjJjIjj jASaj .j 

(34’+ A^A AAiAiAiAJia^A-)!^^J jLu LxjjA^j 

Sjjjj^aj 

aJ Ij/ >AuaijLa (^jIjaJ a^ j^a^LoI£ A_»aj/ jAj .22 

a^lZu Aj daj <(jjj dlj ^k^Jjj^u (_£JjjjJ£ aJ A^ IjA.AJtaJ^j J 

ScujA^aJjaJ Ij 7-1 
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♦ ASjAJ i A&bJ ^U«ljb 


O’ aj ®* 















i^jqJqJjo.s JLooa gLSLi ^^jio^Loll 


^aXj 4iJ &S <JLyj ^jjj j<L mj 4b*li£Si 4^Sjl^* ^£4jLLwj4_> 4 _m)4j j4j 4.J CbjJ^Si 4 jI j«CLyj(j I jJLwi 4.J jib* j4j IIjJ ♦ I . 1 

«^ j jbL fr jL,L *c4 

♦Oli*Si iLj I 4 J j 4j I jj Ijlj jLLwjAj 4jjjj iLj 4j .£ 

♦ Ol^Si j*4^ Ij4j ^Aj^S ^4»L 4j <&Jj> , ta £4jb ^ ^Sj4j .i 

♦Iij4jbjj ^ 100 g <J 84 g J t 19 

♦ I100 g <J 105 g .<*> 

^ 100 g <*J 36 g ♦£ 

3*j ^*'4* 

CsCI 
KNO, 

NaNO, 

RbCl 
LiCl 



- NH 4 C1 

- KC1 

- NaCl 
U 2 S0 4 


(°C) ^JAS ^<Oj 


AgN 03 (s) 22.8 Kj/mol 


H,0 


.70 °C .1,20 
.40 °C .0 
.40 °C . E 

■^8 (aq) + NO3 ( aq ) j 21 


• «J ti jJjjJL j:: j> pita :>« ^j4^ J 6 i J 

«S 3 4»«»»..> S wbo^> 

♦^ 6 i jL*$*4j J Sj4jlI j 3 ^1l^l> ^1. i 

sj-o ^Aj^ 6 j4jIIjj ^Si4^JOLTsiiLj Jbl J ^1 Ij&u 4 J jj I4jS^L£i4j Sj4jIIjJ ^1jb> ^1 SjL)Sj4«*u jJ ..fc 

,CwSi jjLj 4j J 

♦ 0 (i*SiiLj 4^ bjj .j 

♦ CwSijjj SjlIjj ^Sj4j|IjJ j^)4^o4j j ^ j bbL t J-M» 3^ Ol^SiiLj jJ jLJL J I^1 ♦J 

.jru^^J j j4j| jj .22 

jJ sjI^j dJjmA ^^jLoj mol/L .23 

Ji4^fij( ( ^4 jSjL43 4 J J CbbjlJjlj Sjl jj 4j ^jj)Ijj9 4j .24 

♦ 1 ij4JL < 4 J Sjl jJ ^£6jdj\jJ jJ b) 4.J \ji*> bj\j£ ^yli' ^SjL>4,^ ? ^»^4j«2»J 
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4i^4J « 4Sj4J 4 4&bJ ^yuttljb 


^ C< » 















♦til 


= 0.167M 



^jolaijo^ JLou gLSli ^J^j^o^Loli 


0.150 (L)X98 (^) 


= 0.952 M 


n = M x V (L) = 3.5 — x 1.0 L = 3.5 mol 

L 


106g/mol (1) .1 .26 


( 2 ) 


H 2 S0 4 (1) .127 
H 2 0 (2) 

(3) 


= 3. 5 mol x 98—^— = 343 0 
mol 

n = M x V (L) = 1.75 ^ x 2.5 L = 4.375 mol 

oij3j4s-,L = 4.375 mol x 237 —— -r = 1037 a 

mol 

n = M xV(L) = 2.20^ x 0. 065 L = 0.143 mol NaOH 


.28 


132.1 g/mol .1.29 


n (NH 4 ) 2 S0 4 = 2642( f 

^ Z 4 132.1 (—*4) 

v mor 


= 0.2 mol 


0.2 (mol) 

M = „ ,V = 4M 
0.05 (L) 


AgN0 3 .1.30 

169.9 g/mol .0 


nAgNCL = , 169 ; 9( f =lmoi 


'3 169.9 (-£7) 

v mor 


V (L) = 


n (moi) _ lmoi 


= 1 L = 1000 mL 


.31 





« 4Sj4J t &S) 


Q* OS 





















m.ji^ ( g ) = 4.50 m x 1 Kg x 98 ^ = 441 5 


m.jip ( 5 ) = 1 m x 2 Kg x 63 — = 126 5 



Jloaa glSLi 


0 


1 7.1 g <_£6j4j> jjl^J 4*j 32 

.lj H^O IjjlJ 275g 4 J CpH 2? O n 

J^A^U (^AJLujjLj aJ^o .1 
?6jjA»^» ^k4»j o 

Ca(N0 3 ) 9 75.5g aJlja^j ^Lj ^ij^j jja^. ajl^^Ij 33 
s 0.500 m j-j 

1.75m ^ C 2 H 5 OH V^-o 34 

S 6ta L»A^. IjjU 250g AJ J^LLp c£&jl-0 *JJ-> 


n ®ji jh = 17,1 ^ = 0.05 mol 

342 (dP 


mjAii jj (Kg) = 275 g x 


1000 g 


= 0.275 Kg 


0.05 (mol) 

m — _— - = 0.182 m 


342 g/mol .132 


0.275 (Kg) 


.33 


n fjl js = — — = 0.460 mol 

164 ^) 

nylji (moZ) (moZ) 0.460 mol 

m = -:—- - » (Kg) = -—-= — 5QQ = 0.920 Kg 


(Kg) 


m 


.34 


35 


1.75 (g) 

n .j(js =- 77 ~" = 0.038 moZ 


46, ^> 


nijA^jj (Kg) — 250 g x 


i Kg 

1000 g 


= 0.250 Kg 


0.038 (mol) 

m = „ „„„ „„ - = 1.94 m 
0.250 (Kg) 




&y6-il * ASjAj 4 A^U; yjittljU 


^ C< » 





















(°C) tf <Lb 

100 g H 2 0 aJ jalj^U ajljj j.<LuxijLj 

0 

122 

30 

216 

40 

311 

60 

440 

80 

585 

100 

733 


^jqJqJjo^ JLou gLSLi ^J^j^o^Loli 

17.lg ^ajAjjjljj a_j jlj^6jLaLj 1^ .32 
.|J H 2 0 IjjU 275g AJ C 12 H 22 O u 

j^A_Tu ^AJLuujLj 4_ljJ .1 
Sa_jj4_^. AjajljJ^ ^4 _j ^ ~\\ 1 Vj-o -o 

Ca(N0 3 ) 2 75.5g jld ^^L v< ^ ajLuijj^j .33 

s 0.500 m ^i\ M j Cn j-» 6j6 

1.75m jLj j C 2 H 5 OH 33-^ ^^4_jajlj_i^ .34 

SaJjAja. IjjLj 250g aJ JjjLaaj ^l^A-olj£ (_£ajLoj 


: 6j6j6wU 4J>LlxjjJ ^A_j 6j L^jAJj 

c^ 4 -^ c^bj^ Ja^aJ AgN0 3 j 

Sc2»jJjj^aJ ^ A^ajld 

75°C <55°C <35°C ^ aJ AgN0 3 ^j<ul ^ . v 

A \\ 1 aA A. > |j 

A_j AgN0 3 ^ "i'ij&jAj>I jj I .^AjA-L ^ AJ .£ 

Sc^jAlLa-ijkaJ lj H 2 0 100 g 275 g 
<J6jH 2 0 100 g a_,!^ AgN0 3 100 gj^Aj .j 
JjLi^aj ij LiU 1 1J 10°C 

AgN0 3 325 g jiSiJ cjljajj jj 

Slj 35°C 6J H 2 0 100g<Jj£ 
lj H 2 0 100. g aJ KN0 3 ^^A_i6 jIjjS! jA^aJ .40 

&jI jj jjA_a. < 20°C 3-? 6jA_j 60°C aJ &ja_»I^^ jjLtu 

.(A \ )jI£a_> 4“1 A"\fu\^j ScjJ tliji&J IjA^ajljj^ aJ 

aJ ajAH 2 S0 4 aJ 294.3 g dujAjSaj (jl—.i .41 

.IjH 2 0 1.000 kg 

SA IjAjajljj^ ^aJ ajI jj (1) 

jAJij^ (2) 

SfijjA^. A_>ajlj-i^ f>A_j (3) 

AJ 63.0 g HN0 3 aJ A^ d^aj!1*5 .o 

Sad>A_^. c/i )~La d^j lj H 2 0 0.250 kg 




bjk> aJ Na 2 S0 4 ls ^j-j .35 
^a^a-xajLwjA^. j 450. mL ^A^ajL jaJs dA_»ajlj-i^ 

.jja 0.250 M 
\\ a -v Na 2 S0 4 ^ajLujjLi a_1j_g .1 
sajlujj^Ij Na 2 S0 4 33'° d>A^. .o 
^ jjA_A ^g-tl^A 3$ ^22 aJ a£^<U djj*\j<.u ^Iujj .36 
150. mg aJ a^6jIj^ (g 2.00L ((^jA^ajjLuj)) 

/,-» t \1 a! t (Z^HgO'y d-lj t t ixj ^tujj 

SaJjAji. d-JjJ-ijjj ^A_lxujl_» A_T^o .1 

‘iadiA^. I AjA^6j l^-i^ aJ d-jjl^i-u ^ <-> 

6 KC1 jA_j ^jL^A«aIj£ ^6jLoj Cj^jAJJ^J .37 

350mL (_£^6jA_j j Lj ^ ^ jjLdA _4 j! jaj» 

lAjAjLjjj^u 6.0 M KC1 
SajjA^. KC1 (_^A_1 xujLi aJ^o .1 

4jLujjl_> AJlL^6JjL^ OjF^ ^O 

? KC1 <_£A^6jLa 
S6jjA_^. KC1 A-ol^^ C^^jkaj 

d^j ijK aJ i C 2 H 6 0 7 cfc4±-*A-j .38 

^jA_Li_s Jjl^A_i Jp^oA.1 ajJ j a j6jA^ JjLuj ^^A-jaJjLo 

(^lLj-u 6.5 kg <j -ijSji 0 5jlj i ^.ja^jjLu 
.jU 1.5 k gj 

SajjA^. 3 3^2 clh4i“*A-J (_^AjLujjl_i Aj^-a .1 

SajjA^. IjA^ajl^i^ aJ jLj ^jlj 1V 3* 0 -o 
A_i A r.ij^ j AgN0 3 ^-AAAjajA_>l jj ^ajajA^j jjj A .39 

d2L^jA_aA_i <6j6jl j A. ^A_j Lajj l_ij I j ^A_i ( 2^Lu>A_i ~ ^ 

C5" 1 J J - ?JJ J 4 "?) f L^ 4 -? ^AJLujL 

^a_L <^jjjujLj (_^6jajAJi j lj H 2 0 100 g aJ (0505 

. C° ^JA^J (^jA^ 




36 



♦ ASjAJ ♦ 4&bJ t^u^ljb 


O’ CS CM* 






















0 jaJqJjo.s JLou glSLi t> i.»j5o.»Lolj 


U ISd^lj^dJ <U <UJ$(j 


csi^*^ c/j*^ ir***3? 

.c*2j~ijjit j$Asi£ <-j4j» j cXwl j . 1 

'jAnt «C*l£^ jl^Arf L l jfo s£j^ *2 


Na + 

Cl' 

NaCI 


Ca +2 

Br' 

CaBr 2 


nh 4 + 

S' 2 

(nh 4 ) 2 s 


Na + 

S0 3 ' 2 

Na 2 S0 3 

(*£•>>* 

Al +3 

SO 4' 2 

Al 2 (S0 4 ) 3 



Lil 


Na + 


Pb 


+2 


CH 3 COO' 


CH 3 COO" 


HCOCT 


.CJjxU 4> jjjljAj j Cwlj <Ca>jU cb Ju«Ub 3 


CH 3 COO’ 


HCOO' 


C 6 H 5 COO' 


C 6 H 5 0' 


CH 3 COOH 


CH 3 COONa 


(HCOO) 2 Pb 


Ol£j-WJ 


oUj^i 








pJe d >* 


fAAu* 


Af 


N 


-3 


Mg 


Ca 


+2 


Sr 


+2 


Ba 


+2 


0 


-2 


--2 




j 




•***/>» 


Li + 


Na + 


K + 


Rb + 


Cs + 




fjfe 4 >" 


pJfe^Jb 




•Vi* 

Juajj 





« 4£jAj 4 4&i1 ^oImIjU 


' v □! (*• 























































































Hg 2 +2 

t j*-> 4j 1 j i 

nh 4 +1 


co 3 ' 2 


ch 3 coo' 

oli* ' 

Cr0 4 ' 2 

CiL»s/ 

Br0 3 ’ 

oL>j_^ 

Cr 2 0 7 2 

C>L*jjf 4 j|ji 

CI0 3 ' 


hpo 4 ' 2 

Jj Jj L& 

CI0 2 ' 

^3^ 

c 2 o 4 2 

ctfl/jj 

CN' 

■Lu Lwj 

0 2 ' 2 


h 2 po 4 ' 

J ij Lfr 4 jIj^ 

S0 3 ' 2 


hco 3 ‘ 

oU jjj IXmk 

S0 4 ' 2 

ol >J£ 

hso 4 ' 




OH' 

JL»*a$Jj JjL& 

P0 4 ' 3 

OlilMlj} 

CIO' 




no 3 ' 

OlJLJ 



no 2 ' 

CoJLj 



CI0 4 ' 




Mn0 4 ' 

O U 4Sw ^Lo JJJJ 
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dikypAJ i ASjAJ 4 ^il^ljb 


















^jqJ Ijo^ JLou gl5Li ^^jio^Loll 


. lijlo ,J<Cujb 4 j 1 ^ 4 jJj#(j (^ 6 j 4 jj^Lb> d-LJ \a 


NaCl 


H.O 


(s) 


1 mol 


Na + (aq) + Cl (aq) 

1 mol 1 mol 


H.O 


+2 

C^(aq) + ^ Cl( a q) 


1 mol 2 mol 



H^O +2 

- 

Ba(N0 3 ) 2 ( S ) — 

2 ► Ba ( „, 

+ 2 N0 3(aq) 

1 mol 

1 mol 

2 mol 


iI^Ij dj ^j'lTdJ dblf db <^>l.> ^o^do^^j ^50 b^S* ^ ( 2015— 2014) ( 2014—2013)( 2013 — 2012) 

qIxuS^j (^) q^AjjjjJ (^) (^) ^LwOO^JdJb wL£jJ (^) 

bj I J j* dj dj ^jJ L5* L> i^O ^ 5j 1*0 J U>bL« 0 , I^iJo j»J^bw0 4.J 4„) I Lo 6 1^1 ^ ‘ ^ J L ^ ^ ^Mbj'J 

51ijb 4 J 4j 1 j £1 mol ^6Ij4jJbl Jl\£ 4 J 5Ju*L> jl^fc>jjjl JU4o 4jjj U ^V.mJT ^SjLoj 


HoO 


+3 


-2 


A1 2 (S0 4 ) 3(s) ---2A1 (aq) + 3 S0 4(aq) 

1 mol 2 mol 3 mol 

V -Y-' 

5 mol= jlSVfel; jLiZ ^>0 


2 mol = Al +3 Jt>* ^Uj 
3 mol = S0 4 ' 2 ^b 
5 mol = jl^4jjj#b <^&jL©j 


^fij LoJ fij jjj I Jj 4j 


: j4Jb l«Oj l^JL u , 4»o>jJo ijij I^4 jL*o^J 4^* 4jj4Jb Lis> jJ jL> 4,J ^ 4*ibjT j L 

5 <LojJo jl5*i ijjj IJU 4j 4j Jj U ^L>Z£ ^ jmA 

0.5 mol *1 

j2 mol .2 

1 mol *3 
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42^4j « 45j4j 4 4&Jj ^oImIjU 




















^jqJqJjo^ JLou glSLi 


Ba(N0 3 ) 2 ( S ) 

1 mol 
0.5 mol 


Na 3 P0 4 ( S ) 

1 mol 

2 mol 


HoO 


Ba (aq) + 2 N0 3(aq) 

1 mol 2 mol 

0.5 mol 1 mol 


H ? 0 


3Na, 


+ PO. 


-3 

'4 (aq) 


1 mol 

2 mol 


L 0.5 mol .1 




0.5 mol = Ba +2 ^b 
1 mol = N 0 3 ‘ ^b 
1.5 mol = ^. 7 .i ' . JT 


2 mol 


.11 


6 mol = Na + ^b 
2 mo = PO 4 ^b j-a boj 
8 mol = jli'jJjjb ^. 7 : ' :S 






Sr(N0 3 ) 2 ( s ) 


h 9 o 


(aq) 2 N0 3 ( a q) 


j.J— jjjwi u > 


l>j 1 mol 


.III 


1 mol 1 mol 2 mol 

1 mol = Sr + ^b 
2 mol = N0 3 ‘ ^yjjb ^>0 
3 mol = 

loJJdqt 1 mol MgCl 2 ^Ijubo^Jd^SuJ ^LTo^^L^d&^dj dic^U ^yirdJ^o ( 2013 — 2012) 

40 + 30 lO 20 

? NH 4 + 9 S0 4 2 ojAiiwojoAJA^ |£ ,ir 1 t( 2014-2013) 2 ^( 2013-2012) 

(NH 4 ) 3 (S0 4 )2(s)O NH 4 (S0 4 ) 2 (s) O (NH 4 ) 2 S0 4 (s)O NH 4 S0 4 (s)O 

^yir^ 50^1 ^>jlT ^5 ( 1.5 mol) ^luio^jd^&j ^iro^^'i^d&^dj di^u ^sirdj^o lS,j4? ( 2014 — 2013 ) 

oAid^ ^3^xjjjS.TAjo 

4.50 40 1-50 60 

loJJdct 1 mol Al 2 (C 03)3 ^ilujo^Jd^SdJ ^LTo^^j'L^odJb^dj di <^>Ij ^irdJc^o ^o^LoJj ^ ( 2014 — 2013) 

20 50 30 40 
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42M9-4J « 4 (jiLidjU 














^jqJqJjo^ JLou glSLi ^^jio^Lolj 


joyJuodJdj yl^^T dj 0.15 mol yL&o^Jd^jJ y IToyy l^dJ^dj diyU ^ujjS ^Jyo ^o^Lojj ( 2014— 2013) 

l^djTc)lyiT (a7 &yuJ dj Al 2 (S 04)3 


30 

0.75 O 1-5 O 

50 

?oJJdzt ^yuuodJdj yl Jdj 2 mol yiMio^Jd^SjJ ylfdj ^yuuodjdj yyL> ^Jyo ^OjLoj 

2t ( 2015 -2014) 

80 

4Q 60 

20 

0.50 mol yLiMO^Jd4 c 5jJ dj <X£j ^ITo^y 1 Jodj o^ly yLfdjy L> dJyo yuub ^ojLoji 

^ (2016- 2015) 



oyju^yjuo y 1 yuJ 

2 mol O 

1.5 mol O 1 m °l O 

0.50 mol O 

:AI(N0 3 ) 3 v 50 ^dily ^djuuji'^U yuuulj ^ 5 ^ di^dTo^ ^ 5 <diLod,J ^»\S 

2t ( 2016- 2015) 

Al +3 + ( N0) 3 O 

+3 + 3NOz 3 O 4/“ 3 + 3N0 3 - O 4/ +3 

+ 3N0 3 - O 

?oJJdzt NH 4 CI dj Jyo cLT dj y Lu)O^Jd 4 c 5 jJ y LTo^y L^d.jb^dj diy li dJyo 

2t ( 2016-2015) 

lO 

O 

CM 

O 

30 

oAidi^ |OyuuuJlT y lyj ^SjJ^o y iMO^Jd^SjJ yL^dJ 4S ^d.iliyU cjdj ^Jy> ^o^L-o^j 

2016-2015) 

80 

O 

O 

no 

20 

• Cl yirdiy|lj dj Jyo 2 y ^oAid^^Ljubo^Jd^^J ^^yuuuJLT ^3 ^y_> y^JLS - ^Jyo ^o^Loj) 

^ ( 2018- 2017) 

1 O 

6 O 2 O 

4 O 


jbdJyb l-Lol^ 4 j 4 j J Jd£y 6jly jb<J ^jljb> yy>b ^<UJjb jji yj(jjb j<b 4 j I^jJUULJ ^y I a S s*Jj\S 

jJjLmmJ bLubdj ,OljU jjj j-ULmmj j ylji jib b Co^*6 j 4 j ,jy I«JU 4 j ijlIy 4 j jbdi ( ^'<U<Cujb 

j jb^Jjjb ^jlyij ^y» £> *£ +* £ \£j*^ b OLyyjJj b*tj y L£y» j <Cujb ^y b<L?y>b ^jlyj ^yb* Q 

•jb 

~» JUtbJ J yl>ftjd^ljJ yb*^yyb LtJj 



♦^jdjly jbai H4 j»yJyo4j j K y y by j NS yOy*i ^yb<Cujb 
. jftjly jb 4 l Cl O3 jbdjlj>b J CH3COO Obj-yjjN03 Oly-J 
|»^4j) 2 j PbCl 2 fAA;j3 j ^ 2^2 (0 *j^> j AgCl yj ^.bjjb 4 J b«> j&jlj2 jbJ Cl jb&J^jjb 

♦ UjrfCuy&a j*j<b ^jbdf PbCl2 

iy> J »yyJl J y*j3jj3 J j*yJujJL«J J »jJjL ^y I £j5 "jS di 4^> jfijly jbb SO 4 j b <G li^ ^djjjj 



^ ^ _ ‘7 _ 2 

j kjj ^j'Lj jU >103 ol£-,. Li j 1 4 o L a.... y j O 3 oU^jL 

. 4 j . 4 1 mi 1 l^* j j |» J . w .i, i Ljj 4 ftjb j ^ 4 J &£sj* bjAJu Lj •* J.W » 

.(SrS , CaS , (NH 4 ) 2 S , K 2 S , Na 2 S ) 


.1 

.11 

.III 

.IV 

.V 

.VI 
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4 45j4J 4 4&Jj yittljlj 














^jqJqJjo^ JLou glSLi ^i^^o^LoLi 

5jL sjAjjj^si jU^J djL^jU jJ Ll$ Q 


Na 2 C0 3 ( S ) 


h 9 o 


2Na + 


(aq) 


+ CO 


3 (aq) 


«6j4Jujj(j jUaJ 083 ) 4)2 j»j-*-M^^ ^LLm)j3 (3 

jb4J Na 2 C0 3 j (b 

.Cw£wJj,i J 6 j*CUjjU jij 4 i B 3 SO 4 (c 

♦ 6j4^j OJJJ jlfe<u 5 b ^jb ^A j ^jfi j 


Cd(N0 3 ) 2(aq} + (NH 4 ) 2 S (aq} 


CdS +2 NH 4 N0 3 


♦ ^JVtaitaO J 6j 4j Ijj LmU j &J L ^ l ^ 1 <■*■**-* *U CmmJO CdS J 

♦ 6jd^J JJJJ 4j^l£jL&4j 5 ol (JTLmmJ j»jJjL j JJ^ j^^4^1j4j 4j Lb 

K 2 S0 4 ( aq ) + Ba(N0 3 ) 2(aq ) -►- 2KN0 3 + BaS0 4 

.^jui**■? j (jj &****£ Lmjj c»w<»by< 4j »■ BaS^) 4 j jul ^ 1 



* 1 Jbl*j^>5Jd5jJ ^y irdJ QjjJbo^ cL£ju> c^juuuuo \j\jjS djcjc^ ^<3J «2L>c)^ jolT 

^(2014-2013) 

Na 3 P 0 4 jNH 4 BrO Pb(N 0 3 ) 2 4 K 2 S0 4 O Ca(N 0 3 ) 2 4 NaClO 

Na 2 S0 4 j AlCIsO 

^lOjljb^JJd&J ^y'LfdJ QjLAibo^ wLSjut ^jjjuuJ 0 ^ 0 ^) 1^ ^djl^l ^jlT djc)<^ ^<3J jolT 2 ^ ( 2015 — 2014) 2 ^ ( 2014— 2013) 

NaN0 3 jCaCIzO Cu(N0 3 ) 2 4 K 2 C0 3 O Fe(N0 3 ) 3 jMgCIzO Cu(N0 3 ) 2 

j NaClO 

^yirdJ QJJLibO^ uLSIjU) ^JJUUuJ \j\jjS <3o^^ ^<aj jolT 

2015 -2014) 

K 2 C0 3j NH 4 BrO Na 2 S 4 AgN0 3 O Fe(N0 3 ) 2 4 KCI0 3 O K 2 S 0 4 

j NaClO 

dj d^ yJ^^jijUUUL) diLodj 

^ ( 2017- 2016) 

CdS O CaS O CaS0 4 O 

AgCI O 

dj djub^j i 'vMOJ |0^jJ^odj ^LfiJUO^i ^ (II)qjuuo ^'1 ^JJL) qI<)jJ ^SjJ^IT dj ^O^^JUUUUL) ^dj 

2t ( 2017- 2016) 


«2L>dj>l> cLSdUl ^^JJUUJL) Cu(N0 3 ) 2 (^3 


NaNOsO Cu 3 (P0 4 ) 2 O 





)♦ jli*d*jL*^ d&Jjtf ^Ljjj ^‘li' 4 J Cwi: ^UJ' ^1 JJ d£* j4.;LJjL j 4JujL j 4J U 4jjjU 

( i j 4ju j j j Jj d£* a 3 ij 4 i.o4,^>j4b> 4.J J^>j 4 JL*j Ij L*u jJ I jjH 
j£ J«j 5j4JJ..wOii Iijljr^” 4.J j j4^L ^jI«L^4j j4jLjjL j4j I (^)i^*6jl Jb&^LtU) ^jLT4 *wj dJj^jL 

( 5j4^u jjjJj 4^5jIjr^SjL 4«a4»0Sj4j 4J ^>jtCLuJj Ob). ^j*uj4j ^1 ji j cLJjL* 
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42^l£4^ 4 4£j4J 4 4&4j ^il^ljb 


^ 3 CM* 

















0 j<Ua^jo.» JLou glSLi 

j»3-JJ-o4j Jj d j£j£ J 

♦ 6jj^JLJ jL-ol^ j 4j6jIIjj j»4iJbj4j ^*CjjU Cuj^&JUjL d j Cuj-uijJ&d ^jljd ( j-fU jLfc (3 

Cd(N0 3 ) 2(aq) + (NH 4 ) 2 S (aq) ---► CdS ? + 2NH 4 N0 3? 


Cd(N0 3 ) 2(aq) + (NH 4 ) 2 S (aq) - 


CdS ( s ) + 2 NH 4 N0 3 ( aq ) 


4„OjU J jlCSU t) 4»«„>jU 4j C*U d L ( b 

*L$^J i d d1*0 uJij l^Sj ^ CC* U 4 m)jJ Ij 

Cd +2 ( aq ) + 2 NP^Taq) + 2 N£N*(aq) + S ' 2 (aq) -► CdS (s) +^^NH 4 + (aq) 


(aq) "•" ^ L y**3 (aq) "•' ^ 1 >P*4 (aq) "•' ° (aq) 

♦ Cud CtC ^ja.j jLb ju<Co4j .yj^SdV aS <LCl$*jLb jjd j4JbdJ aJjjlj (C 

► CdS (s) 


Cd +2 (aq) + S ‘ 2 ( aq) 


j ybj^ j?l5 j jjL d j^ccc , elej j |*jCj-o4u ^&jL&$jjd ydj£)4&C4j ^ 

^J*4„> ^jljfe 4jy Ij j ^jC cS* jU 4ijjj L> U>eL* j j 4»^yu ^cc iT '^cc 


Zn(N0 3 ) 2 ( aq ) + (NH 4 ) 2 S( aq) - 


ZnS ? + 2 NH 4 NO 3 


CTjlA ojjgdg/lS 


Zn(N0 3 ) 2 ( aq) + (NH 4 ) 2 S( aq) - 


”► ZnS ( S ) + 2 NH 4 N0 3 ( aq) 


^SmS 


Zn+2 (aq) + 2 ^^(aq) + 2 ^Maq) + S " 


(aq) 


ZnS +^2'*NH 4 + ( aq ) + ^2^0 3 ( aq ) 4^15 


Zn (aq) ■*" ^ (aq) 


ZnS 


(S) 


4 J 3 JU 


j (^fdj) 4 j j4^4j 5Cuu&dljj<U j ^ CL u , I JLojjjL j ^ld ^j$ ^6j(^t$jjd yd<*J Liu j 


<Lu ijJJ dS^Ju ^£‘LiZ*S jLb 4 jJjIj 6ij4j Id 


K 2 S0 4 (aq) + Ba(N0 3 ) 2(aq) - 


2KN0 3(aq) + BaS0 4(s) 

33^tJu<U ^^AMwj 


(aq) + SO 4' 2 (aq) + Ba +2 aq) +/ 2Nt ) 3 


(aq) 


/2^ + (ai|) +/2d^b 3 ( aq ) + BaSO, 


7 4 (s) 


S 04 _ 2 (aq) + Ba +2 (aq) - 


>► BaS0 4 / s J ^J 4 J Lfc 4J3J U 
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« 4£jAj 4 4^db1 ^olttljb 























^jqJqJjo^ JLo<U glSLi ^i^oilolj 

jb> ijiStt cLJjLf IjjLjlS'sjlji^sjU <*J (II) ^jS“J3jj3 ^IJLJ j (II) ^Jujjl^ j 

♦ <L*j jJu &*+,}j 4-» j U 4jJjj lj j ^ Auij Ub Lw».C* 


CuCl 2 ( aq ) + Pb(N0 3 ) 2 (aq) ■ 


^ Cu(N0 3 ) 2 ( aq ) + PbCl 2 ( s ) V 5 *£J’ 4 * 3 ^ 


Cu + 2 (aq) + 2Cl- (aq) + Pb +2 (aq) + 2 N0 3 - (aq) 


Cu +2 ( aq) + 2 N0 3 ‘ (aq) + PbCl 2 ( S ) 


2cr (aq) +Pb 


+2 


(aq) 


Ni (aq) + S ( a q) 


PbCl 2 ( S ) ^ 54 * (^ 4^314 « 3 >lS 


»Au)Ijjj J5 ni«J ^ Ju iIjU 4 jJjU 


NiS 


(S) 


4 Li ^IT^AT^jAjuj Aic^b I^Aj «jl>1&A> clSju o^l^utTo^U ^aA&^Aj o^li ^iC^SJA&o ^AfA> 

54** Cu +2 (aq) + Zn +2 (aq) + 2S- 2 (aq) -► CuS(s) + Zn(s) ^ jU ^ ^^ ^ I 


j? Cum I j J 


Zn +2 (aq) ED 


S 2 (aq) 


Cu +2 (aq) IS 




jJmAaAj *" vuLi ^'Aj ^AwuuLf^Jb Ai c^> L> l^<3o ui>l&Ai ciqui <)^juuuub ^<oA&^Aj jjSoj\j ^jCjJJASqJ ^aTAj 


.o^lCdi \S5$y *c£jJ^IS’ AT CLo^J^X* tCAj^Jl^j'oC 

.^xuUlAe j ^ i)^P 


Vci^jC c£ju> ^^juuuuLi bb ( ^ ( joc^j^b ^Jo^JLT ) < 30 ^^jlT ^iC^iJASjo ^'IX AJ ^ ( 2012— 2011) 

?Ajui^ij ^i'A> ^AjiuX^lA ^ 'jITo^AS'^jAm) Aic^b AJ ATAj^Aib ^JAj Aj t ■■ >Af A*> Jo t) ^aTA> 


BaC1 2 (aq) + Na 2 S0 4 (aq) 


2 NaCl( aq ) + BaS0 4 ^ 


■ 2/^Y + 7^c 


a + + SO/ 2 


2j/a + + 7/1 


r + BaSO, 


4(s) 


Ba +2 + SO 4 2 


{ Nd* f S0 ^ ^ ) ^jIXo^AX^jAjuj Ajc^jb 

"► BaS0 4 


* <^Aj iSAjUUutf^Ub 

* 0 ^ o^Arii^>oc Na 3 P0 4 ^ Zn(N0 3 )2 < 30^1 jj qI^jJ 15 Ai Ci Luuul) ^XjJ^LT Al ^Aib^jb <^A> ^ ( 2013— 2012) 
Na + (aq) jZn +2 (aq) O p ° 4" 3 (aq) jZn +2 (aq) Q N0 3 '(aq) j Na + (aq) O N0 3 "(aq) jZn +2 (aq) Q 





44 


4^51^44 i 4Sj4J 4 4^Ij^ ^umIjU 


^ aj cm* 





















0 jqJgJjo.s JLou glSLi 


^3 'Sj'SjSj.fy Ql^jJdl ^di JJLiuuul) ijjSJJjIS \Soj\ Jjubdjb ^djbc^b £d> ^ ( 2015— 2014) 

^QJ$k, jOC^Jki^odj 

S0 4 ' 2 (aq) J NH 4 + (aq) C>0 3 '(aq) 4 NH 4 + (aq) Os' 2 (aq) 4 Zn + 2 (aq) O N 0 3 '(aq) 4 Zn + 2 (aq) O 

yJ\±>S^ 3 jocfci^b vS°^l 0 ^ 9 +* ^'l^dl (^1 JjuiidjL) ^dS^dui ^jc^b 1 ^( 2018— 2017) 

^4j)^ilo4J | o\S 

ou^o cr 9 k + o SO4 2 9 k + o cr 9 Ba +2 q 

{ j\£ Aj ij I ij dOj^ <CujU) 1 ^jd.*^od> ^ijdS* 4 jJjIj ^jjjI JU 4j 

♦ bljli'&jl^ 4 J 

.jAJujJ j 6jl Jj j|^L^lj 4 J fijl Jj jU <b ol JJJ j-Jjj b ciAljlS* 


HC1 


(g) 


H + (aq) + Cl 


(aq) 


jlijd*b*d> 4jjjb ^I«b4 j ^jli 

♦ bUli^ijl 4 J 

d5 ^jl Jjd*to0d> 4 jJjIj ^jjJ I Jj 4j JjI 


j jl^&J^Jb4j AjOijj) i^6j jl £ *CujIj 

(jl^6jlj*i d*ij J jl^&jlj*^ 


Ha (g) + h 2 o ( 1) 
HF (g) + H 2 O a) ^ 


^ H 3 O ( a q) + Cl ( a() ) 

— H 3 0+ (aq) + F" (aq) 


NH 3 + H 2 0 < » » NH 4 + OH 


♦ 6jIJu*4j Iij<U j jj <J 6jIjj J 

♦ 6jljJ jl^Jdf .b4j (1 

j ijl jj jl j*j ^Lll^lj (2 

jl£ Lg&jJ 

^6j4j|jj j4j<i*LJ ^jl i j£ 

♦bjb dJ ^4jujb 


(jl^d> J 'Jj> j jl XbjLtoAj AJLOj) <ii(»j jl$*d-JjjU ^4 JujLj 


NaCl ( 


H.O 


(s) 


^ a ( aq ) + Cl( aq ) 


NaOH ( 


h 2 o 


(s) 


-► Na + fao , + OH 


(aq) + ^ n (aq) 


V*_jo^.ic^>bc>,i l^b 4J 3 dj^d^ ^dju^b dilodJ ^SjS dj 

NaF O C 6 H 12 0 6 O 

?«JL>b'o^ Qb^jb l^b dJ 3 dj^df ^dja^b dilodJ ^oLT 

NaCl O C 6 H 12 0 6 O 

?Luiro^ Qb^b l^b dj 3 dj^df ^djb^b dJLodJ joir 

kci O c 2 h 5 oh O 

o^djuuMO^oAJdib l^b dl 3 djL>^>b ^djo^b diLodJ jolT 

NaClQ HCIO 


2014-2013) 

HCN O 

2015 -2014) 

NH 3 O 

2016- 2015) 

hfO 

2t ( 2017-2016) 

FlO 
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i * 4 &J 3 c^ijU 


^ □! (*• 






























^jqJqJjo^ JLou glSLi ^i^o^ldli 


L>c>J> I^IS dj 9 duj^dj* djLb^Lj jodj i*£*Sd>j ( 2018— 2017) 

HCN O C 6 H 12 0 6 O C 6 HeO NaFO 

^djLju^U jod.J ,oL S ^djuudJ qjl>c^j>L> ^( 2018— 2017) 

^irduuuLj^^jjjjdo dja^u dju^u c)^odi. (^) 

^L^^odbb ^ITo^l^duuuuo^^ dju^U CjC^db (^) 

djdj& qUajoc^L) j^AAud^ *jLuolT ^ ( 2017— 2016) 

0.05M HCIO 0.1MHFO 0.1MCaCI 2 O 0.1MHCO 

4jLujIj jaJ <hJbjj4bb , 4 j4J& HCI £AjijdS 4^ujU ^4jjjj 4^ 4^ ^£>JjJuL& :(H 3 Q ) (jijfejU 

.5 i I j 4^ji ^JjU jL 4j 4^ j*gj4j jJlJi (iL u H ^JjIj j IJul-J [£ t j jljbJ 


HCl (g) + H 2 0 (1) 


^ H 3 O ( a q) + Cl ( a q) 




H2n+lOn fil—L [*3 ,jljJ jlxfe'-' csTt’O Jfc \ 




H 9 0 4 + I 


H 7 0 3 + ® 


j djjJ yjs, ^L> J 4J 


jL jj*o4^ 4^J ,^4U‘ O Uftjli jjj ^4^6j(j&Jj ^ 4j4j4*jjIj j, ; iJ 44 

4^ujU jj*o4J&) jli'sjl jj 4j ^J j \£ 4j <Cu2j j jl^5jbJb4j 4«*ijj ciJij ♦j4«fc jjJ^U 4^4Jujlj ^5 jIjJ 

*HI , HBr , HCI 4 -jj^b 


♦ 4*b*Mj|_jU ^ l*W J \ y ij 4JL> i $ (_<?** 4j 


HCl (g) + H 2 0 (1) 

HBr (g) + H 2 0(i) 


"► H 3 C + (aq) + Cl" (aq) 


H 3 O ( a q) + Br ( a q) 


HI (g ) + H 2 0 ( 


(i) 


H 3 0 + (aq) + I‘(aq) 


4JJ64 »4^ dS*Jj> ,jj4^4^&i UjlS* 4 j 4^ 4j4j4JujIj j4j ♦ (jlj^f) ^4 JlJjJ&JiS 

(HCN , CH 3 COOH , HF) j.^" ^j ^j ^J«j .jjjb 

• jji 4,^ ^L>0 <U-I S ^ cilaol^ ^ {£ bjm*^ ^jJ dj 
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4^51^ 4J 4 4Sj4J « 4&i) ^oImIjIj 


^ 3 (®* 





















HF (g) + H 2°(l) 


^jjqJ Ijo^ JLou glSLi t> i.»j 5 o.»Lolj 


^ H3O (aq) 


+ F‘ 


(aq) 


CH,COOH (1) + HoO 




H 30 + ( aq ) + CH 3 COO' (aq ) 


s 


<*J bjZbjjt jjj ijl^J Aj j I i jljjJ 

.( F J H 3 O dJ 6 jjLj JJJ ^ HF ) 

jL 10 M ^ ^itj\Ajj£jj ,jLjI^J 4 -J ^JU&jj 4 j J (<—J 

♦ j4Jb HCI <J 0.0001 M j4Jb 4.^^ 4 J 0.001M 

♦ <Co4^ jl^SjljV AjJjjtfL) 4 j ,6jj4j jjj (jLjL£>&jJ<U&) ^4,Ju jl^6j*Jb4j 4 j (O 

:<ao<au><U 15M 2 ^( 2016-2015) 

OiyuJ<)^15 jJ<3o (^ y O^JL^JL) £ «—^yULJ^^jJjJdj (^) 

o^jL^ja ^ 099 ,^ ^yuJc)(^) o^jjL&dj ^ «-L>.ju> 4^ ^yuJc)i^jJjJdJ (^) 


47 2 (1-2 > (jdj<£ l4i 


HF j & 4-» 1 jj IaJ HCI ajajaA j .4 

•jlj^ 

djdjl^a. (_£A_jljlj_if£ Ajjjj^a. ^aJ : jl£4_Al_ajdj ^ \ M )u‘m j ^ 

JhLHJjj 

0.05 M HCI j 0.10 M HCI j 
0.10 MHFj 0.10 M HCI .0 
0.10 MCaCl 2J 0.10 M HCI .5 


1"2 


<a_uj^^_i_» Sr(NO-^)2 )> ^-*Lmj&^Ja ^^ >I ijjl_» aJ ^a ruj^j i_a *1 
aJ ol^lij j (^^Lj jj-o 

So\>aj IajA_j aI t jjJLuj 0.5 mol ^6jAj»jjl^3 

^ (_£djljol£ ^j-JJ^Ja^Ij aJ tjjlZaJU LjU .2 

ScjjJ ^Ja^aJ 

IJjlJ jA^u»oA^ ^^A_j6j6jAJlj^j 


Sr(N0 3 ) 2 ( s ) 

1 mol 

0.5 mol 


HoO 


Sr 


+2 

(aq) 


+ 2 NO 


1 mol 

0.5 mol 


3(aq) 

2 mol 

1 mol 


0.5 mol = Sr + Jj$* ^L .3 
1 mol = NO 3 ^jjLs jLaj 
1.5 mol = 
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« ASjAj 4 A^dbl ^olttljb 
























^jqJqJjo^ JLou glSLi ^i^o^ldli 


. j Sj I \jj jl j dJ jLS'jjijdJbdS 'j+u j 4-o ^JUjjJl^ 4.J ^j>w^ jji <iJLu4^ ^4 jLjj^j4^ ^1>4j «_2 

j^4jli 4^ Sij^S IIj4j 6 jIjJ 5 Ju4j4_£i4jjLfc 4.J jjj j I 4.m^o 4j> iij^S jf ^ 4j 3 

jji Cbu&i 

4^4jjL& a5\Jj-> CojjJjlj6i ( ^£&Lm)4j 4jIj 6j»JjjIj 4_£i4j HF j»*$4j CJjjJjlj&i Ij4j 4j \jo^tj\j^tj\j HCl <l£j jJ> «4 

♦ 6J*J&4j j jjJU jl^-U4 j 

6jlj^ ,Co^JjL c 6^ IjbA^ijI^ijU 4.J ^jIj4j4j j 6j^Jb4.; jJ H J .0.1IVI HCl .1 «5 

♦ OyyJJji JjJ b ^fijLoj 

. lj j Sj <Cm_moS jS jJ 4^ &J^jJ tj V * ^ t ^umiHF ♦ *C^ 

^JLu+ZA j ) UmJ^L 0.2 J 0.1M Cd j 4 j6jIJ j ^CdCl 2 4&>>-0.1M :j^ D 2 ♦£, 

ju ) 0.1M OH j 0.1M H 3 O j 6 j«jb^u jj HCl ^4^.( 03IN/I jli" 

♦ ( 0.2M 4jl^^ jl^4jJjlj 




$ ^jjjlJ ijUjj i£AuukSjU J. 

Co-ulj ^*^4j jl^4 jjjU j O>4j* ^£*^41 El CmiIj ^*^4j jlT^LnjjU <*Jjj L> j cJ<L> ^*^4j 'ijj E 
-Ij »/sw «y U j U4> ^/iaj jli'aJjjb 1^1 CmiIj ^*iaJ 'ijj j <ja> ^*iai jl^aJjjb li J 

j ifjj Ajjjlj ?a£ ^4jV 3 

jjLj jji^u IB Jaj ® jji ® Jlm 0 

Ujjte 1 mol MgCb ^Lwap^SoJ aj^jIj $>jU$ 3 

>IH Ja,lc| ^0 >.0 

Ujj&p 1 mol AI 2 (C0 3 ) 3 4 j]jIj $>jUj ^4 

11® 4® 5® 2® 

1 mol NH 4 Br ^jLw^J^^SaJ 4 j]jIj$>jU$ 3 

3i 4i li 2 E 

$ Al(N0 3 ) 3 ^Ij ^1 ^ j> 


A l" 3 (aq) + 3 N 0 3 + ( a q) 


Al +3 + NO, 


Al +3 (a q) + 3N0 3 - (aq) gj] 


Fe +2 (aq) + 2Cl’(aq) +20H'(aq) 


► Fe(OH) 2 (s) + 2Cl'(aq) 
Cu +2 (aq) + S" 2 (aq) -► CuS(s) 


A1 + + (N0 3 )3-|a| 

S(^u jyjjLj ^AuoSjU ,>4iU<U ^LS 7 

Ag + (aq) + CF(aq) -^ AgCl(s) |a| 

3Ca +2 (aq) + 2P' 3 (aq) -►Ca 3 P 2 (s) [c] 


?Au£ j jjj yjljui i^»jlijrtSjjJ jl^u ^JjLiu ^SydjL^ ^j4J ^AuujSjLA djjjLj .8 


2Ag + (aq) + 2N0 3 "(aq) + 2Na + (aq) + S' 2 (aq) 


Ag 2 S(s) + 2Na + (aq) + 2N0 3 -(aq) Qg 


2Ag + (aq) + S- 2 (aq) 
Na + (aq) + N0 3 '(aq) 


Ag 2 S(s) 


NaN0 3 (s) |c] 


S4-r Cu +2 (aq) + Zn +2 (aq) + 2S" 2 (aq) 


2Ag + (aq) + 2N0 3 ‘(aq) + 2Na + (aq) + S‘ 2 (aq) — 
-► CuS(s) + Zn(s) 


Ag 2 S(s) + 2NaN0 3 (s) |d| 


jv cmIj jL 


Zn +2 (aq) E 


S 2 (aq) 


4J pdj ^jASj^JU . 9 
B Cu +2 (aq) E 


9 8 


6 5 


© m 


3 2 


© © 
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4^51^4^ « 4Sj4J « 4&4j ^umIjU 


^ 3 (®* 






















0 jaJqJjo.s JLou glSLi t> i.»j5o.»Lolj 


2K(aq) + S(aq) |g| 

(NH 4 )3(S0 4 )2(s) IS 
Ca 2 (N0 3 ) 3 IS 

O jj > [DJ 
NaNOs jCaCI 2 IS 
AgN0 3 j NH 4 CI IS 

jrJ CmiIj jLyS* 


« K 2 S (s) piS .10 

K 2 +2 (aq) + S- 2 (aq) |c] K +2 (aq) + S- 2 (aq) (g) 2K + (aq) + S" 2 (aq) Qg 

$ NH 4 $ S0 4 ^Lu^AA)4j ji 6 $Aju .^LS .11 

(NH 4 ) 2 S0 4 (s) IS NH 4 (S0 4 ) 2 (s) IS NH 4 S0 4 (s) IS 

« NO 3 (aq) J Ca +2 (aq) jj dJ^IlwdJddi^Sil^ ^12 

Ca 2 N0 3 IS Ca(N0 3 ) 2 (s) H CaN0 3 (s)IS 

J JJLltl <U ,LUJ6* uu£p dlpd) J jjIddSAj ^jL) dljLS .13 

jJjULJ l£| 111 jjjU |A| 

$ diSoljLS aLS 4j t jJuLLu .14 

IS ij<Uujj£ (jJlj [SI Hll 

^jLS^U dllj jA) ug£? ^LS .15 

] Fe(N0 3 ) 3 jMgCI 2 El Cu(N0 3 ) 2 j K 2 C0 3 H Cu(N0 3 ) 2 j NaClIH 

$ldjLu^ji^4SiJ (PLS4J jiiAda dlj >uLu djdjlji- Ajj^- jA) ^LS .16 

] Fe(N0 3 ) 3 j KCI El KCI j Na 2 S0 4 H KOH j NH 4 C||a| 

$ jIj Fg 2 (S0 4 ) 3 j Ba(N0 3 ) 2 ^j^jidASaj ^LSaJ .17 

] Fe(N0 3 ) 2 IS Na 2 S0 4 IS BaS0 4 IS 

$ ujJdi uujji JL j^uLu aLS K 2 S0 4 j NH 4 OH L&jlgSjja ^ j:>£J a£.u ^l^A, .18 
] KOH IS Na 2 S0 4 IS (NH 4 ) 2 S0 4 IS 

Na 3 P0 4 j Zn(N0 3 ) 2 £4jjjL£uj jAj ^aj ^AmuSj^ aj$jU a) jjaSUj^a a£ l£AjD$jU jAj .13 

uhdJjigj 

Na + (aq) 4 Zn +2 (aq) IS N0 3 (aq) 4 Zn +2 (aq) IS 

P0 4 ~ 3 (aq) jZn +2 (aq) IS N0 3 "(aq) 4 Na + (aq) IS 

: AjIJlu jUAjUAj jLSAj^aS j:;U .20 

j I ij iL> ^Jj4j<Lyj4jjUb IS IS 

j<Um«o<L> ^ jL jl ij*U*woA> ^Jj<b<L£i<bjLb [SI j<U**o4> ^ ^JU<U<l£<UjL& 13 

t A) I-UL^-UAjAwAj^LA SjjAjAmAJ ujJM j}lj jtJ (jJLuulSIj >$Aj .21 

IjUl^ 4jIS I iiLo jj-oAJb IS 

1SI \ju\S 4jU 4j [SI 

:lujJJ 6A uitifyjj ^SAjAIjjIj A) JAjL)}J\j jAj .22 


c?y ( 


-U jV 


jL^ A 


jL^ A 


^Lmi6»jJ 4 is 




jr’je. 


bis 


♦ ^nU 4S A) f jLS4jjjU .23 


^Lmi6»jJ 4 ^ is 






bIS 


F 2 IS HClU NaClIS 

bjlj^l j AujJjIj ^LS .25 

F 2 IS HClU NaClIS 


25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 o 

* 

m 

IS 

m 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS J 
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4 4&j3 











ij i »L«*0J J ■LiL m i t dj L) 

HCI 

h 9 o 4 + 

H2n+1^ 

£*m*J 4j <L£l<L>jl Jb 


^jqJqJjo^ JLou glSLi ^i^o^ldli 


\d$dj\p' jUAJ 45o£4j ^ujjJUU ^jjlj ^S^tw .26 

h 2 o + © h 3 oii H + m 

suluAaa djdj!^ i4jU<U *lLS<u UjIjA) HCI t£d$4Jdj|>j .27 

H'jCI + ffl H 3 0 'jCrll a'jH 3 0 + HI 

: Jljli i H + , b HCI i$»jl.j*SajLj <U 28 
4j<Ub Ju®jU j»L« El JutUb 111 JuJJb jJJ m 

: HCI 4) H 3 0 + ^jUjijjJUU ^»jIj ^hj!JU4j .29 

ij i JU-Oj AS" J El bjrtmlmmAjdS J .LL u li t 4j L> J aLLaUU^ m 

djdj i4jU<C *LS .30 

H 3 O j*j^jjjjjLfe ^jjb HI H 20 jb H H ^jjb I^J 

jjjjjJjj djdjl^- ;£4 jU4) ^LS .31 

h 7 o 3 + © h 4 o 2 + II h 3 o + HI 

H2n+lO n «_jIX> djUuL jodj djuuuui^ju ^I^J^jU jj i^yuujj' 

i&j4% &£Lu4J ddj LuUd4 jtjiylJ jJjjj 4) djljj *L5 .32 

j j 4^ HI u tSl jiyi ^lJj 1^1 

tjdj jajIa&I *L$ .33 


nh 3 


pjfc ■>>* I 


J JJJJ © 

J JJJJ E 


hfE ch 3 coohE 

^LJj>SLJAj djdjtji- ^4 jU4) *L£ .34 

H 

: 15M J&Sjm 4y2jJ ;£f$l .35 

bjllm&dj J Ou * J*L> H 




j^Jo^I^ «" vn»Ai t 30^l < >a5” dj l^dj LLjjodj v" kJ.) dj dj'l^ ^l^j‘ ^yjuudi ^l&dj ^<xf<So : v yuujJ 


35 

34 

33 

32 

31 

30 

29 

28 

27 

26 y 

n 

H 

© 

© 

© 

© 

© 

© 

© 

© J 
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43}t£di 4 4Sj4J « 4&t$ ^il^ljb 


^ 3 CM* 














0 jqJgJjo.s JLou glSLi ^J^^o^LoU 




:oJj jLi-jb A$%jl aj4j y A-jUSJ* a) ajAyjj^ tojflja-b ajojlj^- ^A3L»jj ^Aj -0 A?- 

I^jU aJ ajaj!(^ aJLJjU ^a5 ^iLojaJ!jj j ajlI^jjISaj jaaIJ-jU ji ^IxS"' <S 41 ojAjV u.^ 1-2 aiJu>- aJ (^AjLjjLJlj jAj .1 

:a5x 


A/* LS^ •'• 




aj4AJ^jU 


L5 :u^ J i5' . 


*j4aJ$jLj 




A r , ‘ 

.ojajIjJj y tajlj aJ ^^ww^wJ^a^ ^jIS" 1 *0 moL .2 

t (CH 3 COO) 2 Mg 


.A^jyj ^15^ ^jrA 

?aJJ4js*- djAJd.3 b aS^OjI^*S* Aj (^Ajljjjjlj jAj ^jISaJj^ (^OjL«j .<—> 

aJ ^jIS" 0.20 mol aS* b ^^Ajdjl ^*S* A; (^Ajljjjlj jAj ^ISaI^* ^djUj 

^oJjAfl§- OjAJLjd^j^j jj l^jU 


3 mol 


0.2 X 3 = 0.6 mol 


!I.5ej0jlj>" C^AJljLj ^Aj (_£aS"AjAA a! jAj ^jLSi 3 

.i-u3_-b'3j ^u-3* _j ^^Sa* l _ s s3ji5' ^isaJ .I — Mg3 ( p0a ) 2 Q — 

•'*>0 j f> J >“ - -^— - 


Na 3 P0 4 


l^jU aJ 0*5j\y*- (_£AjAIjjlj JJ-3 ^Aj (^A^AjjAA ^ Ljo^Ja^^iJ aJaI5TjLa .4 

Na 3 P0 4 (s) .( 

-> 3Mz + + +F0 4 - 3 


Joj (S (III) .>-15 ,jl j . V 

Fe 2 (S0 4 ) 3 -> 2Fe +3 + 350 4 2 v 


ijoj\jS j (II) ^"Lr^ Jpi <J'yV cSaj^U J 3 

- Pb +2 + S0 4 2 -* PbS0 4 


H®) 


A^JL^-wwai ^Aj ^OjlwLiAjlJ^ 0 jAS^jA^ Ajj^jIj 


JV// 4 + , iV0 3 
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A^^AJ « ASjAJ 4 A&Aj (jldL^ljU 


Q* □! CR* 





























^jqJqJjo^ JLou glSLi ^i^^o^LoLi 


*3 < ^r> aJ Ba(N0 3 ) 2 j Na 3 P0 4 j NaCl: jLo^ojI y*~ (_jAibtfjU ^aj <_£ojl ja^aJ .6 

•A~“Jjh cSaSa?£S. J ojyJuJ jaj' c^jU tojAjb ((^Aj» Aj jaSaJ ?c-j> liil} Lb* .1 


Ba 3 (P0 4 )2 iiAJ 


^jl5o (jI wLi4jU^ Ajj j\j ,< tm J 


Cl- , Na* , NO , 


lOjdjOJj 4 jL*Aj ^Voj J 0 Jj 4jLll5jljb .7 

(^J^jUlj) Al(s’) + HC1(<2#) -» AlCl 3 (fl^) + H 2 (g) 


^ ^sSy^ ^ HC1 (Joj\jSoj\j a] .L 


^Aj (_£ jA^jJA+sj .O . 




,a£j jt^S <u£JJSjIj& 

2A1( S ) + 6HCl ( ' aq ) * 2AlCl 3(aq ^ +3H 2 (g) - 

j A^jyj ^Jj\j b_}l5 aJ iJA^'jlt, .CJpftib jljV yiAJAj Aj CHjCOOH ( ( JL r *4j) i£^ ^J J8 

.C-L IJJj (HjO + ) 



>H 3 0 4- CH 2 COO- 







52 


4 4 &jAj 4 A^aJj (jImm IjU 





























0 jqJgJjo.s JLou glSLi 


IojOjoJu ojojljp- (jtiLtjj jAj f J0 j4jjj£* 

‘a£j o ^y*r OjA^Jj c.^1 j (_£V <^4S^j4jJjj j c-^4^- (_£ V (_£4 j4IjjIj jl^»r j 4 ) 4S*4jj4A .1 

HC1 (f) ^ AjOjIjJ 4 J ^5^j4IjjIj - 

NaN0 3 (<—>) -— 4 j ojljj bjU <J ^aSjjJ ^" 4 jojU- 

AgCl (^) yjjUo^ l^jU 4 ] cA-^pjA^* ^5^4 j4IjjIj- 

c 2 h 5 oh (,) — — C^J jjAj\j j 0 j 4 Ijjj 0 ^ 4] 44 ;J^j 4 ^ ^ 54 j 4 IjjU - 

C 6 H 6 (*) 

. J JJlJ Ij^J MW I I J jA^Nj 1 ... *i ^5" 1 1 I aJ jji ^ *2 

CaCb j Na 2 C0 3 

.4$y ^jlp (5) ^Aj <_£ojl jAj j^5' j j 4^ 4jjjU c£<U*LL 

Na + j Cl" 

lA^vj^JJ ^jljj^jjlS" ^JL^SsL ^4 j (^AJUlSjl* 4 jjjIj 

Ca +2 + CC>^ 2 -■> CaC0 3( s) 

4lLo^ IJJIS'4Jj^JjJfcA ^j (j fi^L) AI**jJj j4a-^4j c£ NclCl) ££^>-0 ^j4j JjlJ^j ! GjOjoJj 0 J 0 j!j>- (^AjLaAj 3 

jJlu iJ 4jAjL&J j*jJ JpUm 4J ^4b a5j^ 
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« 4Ll$ 


' v □! (*• 



























^jqJqJjo^ JLou glSLi ^i^^o^LoLi 


gl^d^ljAal 4.:■]$©} 


«jl£'d£jj4j cJ4j 4j j^ ijI^ylS’ y4o 4j C X «* u 4^* 4^^>6 j( - £$* ^-ilijSj 

tvJdj ^MtfjSj C * J 6 £ J A iJ ^WhM(jftj iXjA^ I ij ^ ' m ' aJ ^ 3 

dj4jl^j»jJ jiiutAj y» 
tjdol^ftd j»Jj Ju*4o i£4JL 

ol^uaLj jJb'iftj ^LlmAj • 

♦ ^y4j4^ 4^ (^^J'ijj^j 4 ^ 6jlj*i 4jjy i^JJJ^J^ ^ 4j4j>&,aLo J4j lj)Jj£<ij ^)U (^ijjJ^) rljJ<^ ^4>jl^ 


j ^jj I dj dj I j ^ j a£ dj+tj Jj 


• c rji^ l - i JX>-° ^^4> 


lo^o^Li dub^fo,h ^^J^^pJjJdob ^r^>3do ^o^lcjJ ii_SoJl S 2 ^( 2014— 2013) 

o^<VjLToA.4>iS^k 9 Qjuwdo ^dJb (^) 

o^dblfodA^j ^ v5dJb (^) 

o^dolTo^^do 0^5^ ^5<iJL> ^ f>>> Qjowdo ^dJb (^) 

o^dilTo^^do (5dJb ^ QjsAodo ^dJb (^) 

:<XTo^l^>a.r ^JJyo ^yucud^ JdXdJ dooj>j^Lib djl^djucul^ ^djLod.J jolT ( 2015 — 2014) 

^Luodo d-o.Jdib (^} bo^lS* ^yJobdX (^) 

O^I^jlT iyoj*S (^) O0(l^^idumj^bb (^) 

U " xui^jod ^ITo^l jjS ysj\sy ^yuii^o^ dblodJ jol S 2 ^ ( 2015— 2014) 

^b^^odJb (^) 0^9^ i5^. O 

y^y^X>y^J ^jljAOdo (^) QAAAidj ifdJb (^) 

^ »i-Tdo « " VJUMjdoQ^ O^I^J Lfdj^idj ^yjuodsik do 

iJojjjo ^doo^l^J lT £do ^y irduoM^O^) ^ ( 2016— 2015) 


is^i^ o^jv O (jT i ^> u u""?v O 

\" yjkJLmjdoo^ doodo iJjjjJuo ^LTdo^ir^T duuuj^o^) ( 2014 — 2013) 

dcTo^l^ ^yuuujdo ^ ,jJ^T vS^. C3 

O^l^j ^j Ly <$Sy do ^yobjo (^} 

O^ly \SdSyj do ^yAUd^ 

O^I^J ^Lfdjl^ido ^iLTduob^^jLS duojj^o (^) 

?d*i ^ir^r ^yuuj^o^ ^doLodJ jolT 1 ^ ^ 2013— 2012) 

O 

o &?* is 4 ^. O 

^ Luuo do duo.JdJb ^O^dj^y jO^o { ") 

QJLAMdo v5dL (0 

:di3^ duu 

i ^P ^ ( 2014- 2013) 

l^doo^j' ^bdj vl>JOAWdoO^ O^ly do * vm) (^) 

«Jl>juuodoo^ O^ly < yjuo ^jjjj do * vmi (^) 

QJO vIaawI j (^) 
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4^51^ 4J « 4£j4J « 4&Jj ^il^ljb 


^ 3 CM* 












^jqJqJjo^ JLou glSli ^^jio^Loli 


Ja^4iJ I J-Sj 4_*jjU& ^jL) 4J cLjij'4,1 ^j 4^6XL> ^>Jiij4^* 4j4jLb*j4_i 

ljU*oj4i* ^<Jb jLo4J&4J ^j4JJ^j ^Lbwj4.j4«*)4Jb 4J 5jrC^o^S* 4j|jCu ^jJj^4j 4^ <iJbj4JJ^ ^LLm)4j<LqJ 


<*J JLo4^ j*»4^o4j Ol^6i ^4^* 4^6 j 6^ ^JJJ ^ j4JL>jj ^l^6i;4^ ^&jL©j lij4JJjj ^ 6jl^J ^l$*4$Jj4j 

♦ Oli*6J j*4^ jLL*j<jU<u}4nfc j*>4,*o4j ,^jH* <bL>6J J cT?"^ 


• «. 

* * ; 

^ V 

<C' 

*> « ® V v 

r 1 « 

\ ( « 

M A MSAJl 



vAwi^4> 

V V V V 

c w ® 

wV V(r V c ^ (r 


*- „©*: 

V w V • V V 

v w '’vv V v t 


4)fjU) 


0*i»> 


C 12 H 22 O 11 3 J d& Lu4b 

H 2 O 3 U 3 * 4TluJb 

♦ ij I jj ^^1£*4^Jjj4j ^£jJ^>4j c^4j ^L*j4jS^ 5jl )d*>Aj C*wb* 4^J 4j LLmj4_i 4«oJ 4J& 

&j4jl$*&i j»jJ jL*4m> ♦ b 

4 J i JL&dS 1.86 C ^^4j uj 1) ^4i^4-*.^4i> jjj^4j t ^JjJ^j4jU l ^4j6jIjj ^^ 6j(^6jljj4Jb ( ^Jm^4j ^4Jb 
^4iJb (^Xi -0 2) ij , ( 0 C ^£jL-> 4J uJ^ ~1.B6 C ^Sjl^iT ^4Jb 4 jIj) jU ( ^ULm#4j ^4Jb 

.(uLi i -3.73 C — 2 x -1.86 C 4^ tjij£ ^4Jl> 4jij) a £®jl 
(Kf) jL^Aj ^4 Jb —1.86 4j P 

<J4j ^4^4»bbyj4> <*£ \jSAjbj\j£ 4j j4JJjj ^Jww^4i; ^4ij ^6 j4jj^ j»Jj 4 J 4-bu^ I ( Kf) fjLviJU c/X^° 

♦ <VJ ^ 4j6jIjj j ^j- 4 

U 4j ^4jijl^ J ^4L jlI jIS JjljL> 4 J :(Atf) ^<JL ^g6j4jjj^ 

♦ 4^ ij JVj-o ^^o4.> JaiTaJ 4j I j 4 JL*j I j jru-j4j ^4JL j»jJ ^L^4 j j I ^$j4.Ju^j j4i 

.^Vj-0 J4^ <J 4J lj4JL-olj (A tf) JLmAj ^4jb ^ij4jjjj |»jj ^Ub4j J 
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4^^4^ « 45j4j 4 4&b1 ^oImIjU 
























^jqJqJjo^ JLou glSLi ^i^o^ldli 


jjij j%j£ jiL .C 

♦ ^jjL Aj ^jLLwjA.* J Jmm) ^jLLmiAj 4-0. J4-fc IXLj &£ A.> 4.x^0jt aJL j Aj 

A&^> jS" ^aJu a) fi> jJjj 4j CwIXu 4jfijl jj &£ dbj4JJjJ j£ ^aJu 


^$*4ji>jj 4 j j Zi6j4j , I-LwOjA^* ^aJu jLo 4J& 4.J jjjl> ^j4jj jj ^jLmoAj A*oJ4J& 4.J u Lo j JLoJj 4^*ijI^LL wjA->4*jJ 4Jb 

.1-!—.A»> 4_£i 4,^ 4j bL -j Aj4-q.JA^ j^TLj Cy J i^ jjjjj 

ji* ^A,L 4-f 6 jJjj4j CwJ aJVj^o <^Jaj ^4^A.m*oA> 4^ 4jU ^jJj^Aj 4j 5jIIjJ j4J& ^aJu J 

+0. 51 °C/m = jb jaL ^ij-o ajI j , +0.51 °C aj jjjL> ^jb 

C^4j ^aS* 4-AL.a<A> Ij^Aj&jbj^ 4j eb'j AJujJ ^aJu ^6j4j^jj 4^ ^jj aJ *r« : (K b ) J-L JtV ^ 

*4jIJuj 4j b ^ Aj6j\ jj j 4j*ij^o 

Jj'j**' <J ‘S'oLh J‘jU^ j y^" olA 5 ^ b) >S^ *Jji 

. I ii )jAJjjj jaJ 4^-JjJC^-J4jU 

‘ci^J -0 c+^ ^ AaIjAILmJj (A ^aSj 


JlTJjv^J^JU d^U jj <»£4JL j (jL*>4j ^aJU ^3lS*AjjlS* jIaj 

c£a_L 

<S<Oo \ 

At^ — Kfo x th 

Atfc = »jl&^ y^ — j*XjS y^S" Jj 

Atf — Kf x m 

Atf — ijl^gJLL^jAj ^4jb j4Jj^j ^jUL+iAj ^aIj 

At b 

b^ljS* <^aJIj aJ bljjS* bb b ^[igOjtijji ^jj 

4jtery 4^~o4A j 

Atf 

Jw>4j ^4_b <l! bijji bb ^ju^4j ^4-b ^>Jj 

4Jlu» 4JLw04J!5 ^aTa^-^ 

Kb 

O'SjT ^aL lS ji^s*r 

K f 

J^iAj i£4^J 

°C 4 J <U bbAT<U Atb J ^tf 

°c 

— 4 J <b ^S4 j JUaTAj Ku J Kf 
m 7 

Cj jU jA4Jj? jA^AJ 1 

°c 

Kf = 0. 51 — 

7 m 

100 °c = jA^y y^J^ 

At b + 100 = 4 , 1 ^ ^aL 

Kf = -1.86 - 

7 771 

0 C — ^aL 

At,j — 5jl^JtaLyj4j ^aJu 

jjjIj^AJ JV+ l ^A^ jATaj 


A 

J 

- fv»„ 

(.Kff ) jA^y ^Ai«ijL 

#J iym(5) 

^ ” Qf 

m jAAjj3 ( Kg^ X ^4^-aL <tf>0 ( mo l)^ 
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« 4£j4j « 4S-L)j ^umIjL) 


^ 3 CM* 






























^jqJqJjo^ JLou glSLi 


.0 C 4jl^&i j4Jb j &j 4J>jjj J.^) 4jijjf J^4 j4j 4j (,j)CL^4 j4j ) 5j4j>jjj ^<Jb j <jL+>Aj ^4Jb 


^6j4jj^ j»jj ,jLb4^ , lijU 250 § <*J 6 j4j&j|jJJjj 4^ Coj5w jJl^ 10.3 g <J J 

180.13 — jj£J£ ^4JL-jjL jJj-o 5&Jj4jn ^jJu ^£4Ju ij jrLujdj 


yij.-m ( 5 ) 


(Kcj^) x ( i)»jl, ■ 


10.3 Q?) 


0.25 ^ X 180.18(^) 


= 0.228 m 


At f = K f x m = (—1.86 — x 0.228 m) = -0.424 °C 


#jl^ ^j£*»4j ,j<iiL + Afy — 0 °C + (—0.424 °C) — —0.424 °C 


A^AjI , ^*S? ^w.4^ , ^ 0.325 C J $ L» ; A, i ^a 1 l^iLu I » L . a A» ^ . J La Aa 6 3 Aj ^ aJ 


At/ = - jaaj^^aa^aL = -0.325 °C - 0 °C = -0.325 °C 


Atf ~ Kf x m 


-0.325 °C 


= 0.175 m 


^JL^wj 4j i^^Jb 55JU4.> ^5 >jl^4JL , 6j4jIjJujJ I ^j<CL u 500 § 4.J U ^ AjJ jl IjJ 0.5 ITIOl 4 J j 

1.79 °C/?n = jfio-p ^ 116.3 °C 4J 4*ju^ 


mj^jj(Kg) = 500$ x 


1000 g 


n (moZ) 0.5 (moZ) 

771 = - = - = I 777 

m(tf$) 0.5 (tf$) 

°C 

Atf = K f xm = -1.79 — x 1 tti = -1.79 °C 

J * 777 


4^ ^aJl — j4i^j ^:-aju ^aJj + Atf — —116.3 °C + (—1.79 °C) — —118.1 °C 


C 2 CI 4 H 2 7.24 g ^4 j tj\j£ ^4Jl ,5.45 °C 4 J <^**-* j< *i ^ (2014 — 2013 ) 


167.84 — C 2 CI 4 H 2 *L *j-a S&JU4> ^Jj4j ^4jb 3.55 °C 4j1^6$ 6 jl jj |jJL>Jj4j 115 g 4l 
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4^^4^ « 45j4J 4 4&i1 
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^ 3 CM* 



























ujojoljoi JLou glSLi ^iijio^Lolj 

•9j9jjJu 4jl_o4j , 100.75 °C = djjjdJ ^j£ ^aJL 

<Jji (* 
*S’*jl^jS' (<j 

A t b 


&t b — Ki, x in 


0.75 °C 
0.51 °C/m 


1.47 m 


• li 6.51 °C dj J ww. -Lw • * dj 0 «y dJJjU *£ ftjftjJJu ^^9.jLr^" ^ 


At# 


Afy = Kf x m 


At, -6.51 °C 


m = 


K f -1-86 i 

m 


^ = 3.5 m 


°C 


Ati, = K b x ??i = 0.51 — x 3.5 m = 1.8 °C 

m 


At b — tj\j^ 


^ + Atf, — 100 °C + 1.8 °C — 101.8 °C 


(a yuuutjdj ^db LU 100.102 d>LTo,A ( C^H^O) 5 ) ( 5 o<)l^ ^dJb i— >jl)I jj jdSdj l5,j4? ( 2013 — 2012) 

?oJJd^ dSoyljjS 

-0.102 O 22 O -0.372 O 100<3 

“20 C dl ( 5 o<)do c <^IS 500§ ^dib 4 juuuu|^jui C 2 H 4 (OH )2 Q*wjd* ojA ^o^Lo jolJJdct ( 2017— 2016) 

62 §/mol dilTo«A C2H4(OH)2 ^djuuu^b dl^o ? »" VJLJUUDdu di l,A 

666.66gO 3.72gO 333.33gO 275.5gO 

d> o^djl^l^wubdi (a7 Sb^)d.jb^j' 1 K§ dj ^yuJ^^jiSjJdj L 2 mol ^ ( 2018 — 2017) 

O^dbcjj Kf ^yjuuodj ^dJb ,«bjjuuuudu 7.8°C d> o^djobub ^yjuuodj ^db dl (JD^jlI ^1^ ASgjIjjS 

?0JJd2k dTo^l^juobdi 

-1.86 °C/m O -5.08 °C/m Q -3.9 °C/m Q -14.5°C/m Q 
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^jqJqJjo^ JLou glSLi ^i^^o^LoLi 


Cl 



C12H22O1I jf*»i £> 4TU*A 

H2O 5? ^Lolfe 


« jj J uJ u ^j£*2Ju4Jb CwJL- fr U j Oli&i 6jlj^S ^4^Jj 4u ^£Jj 4J& ^jl jj 4j&,>j4j *j4 134U*U > 

fijwjjj 1^ i <J j4j jUaj 6j4Jj^j j<£ ^ijJjljj^ ♦ (J^J 

. JuL*)4-> 4 j ij 1^ 

♦ ^jJ L*»yj6j 4,.) &+*£ ijii 4„> CaMJ 4.J J 4n> 


^l^4^jj4j ^jj> <-J4j 5jI4 j 6jljLmdj jJu^ii ^LLm)4j ^5j4j j4j 4J 4jjl^ji* ij5j j Ju^Sl ^5iL i ( I 

♦ OwL 0 <S jJjjj ijJj'Jii ^jLLm^U CmJ jJjjj ^.S"5JI5 Jj4 jnj 5J , 5jl 

, I JuJJ (JijIjpSdj Cw*.>» jIj 6jJ4Jb j CuJ*o&i jIj6j , CmJjj4j I4j& ijljr^ 4 J CwJ^ j jj jL> 4 jI> (o 

♦ 6 J 4 *^ 4 ^ W ^ 4jI> ^j I jJ i 

, C'OjJjU&i L-Jj L*J 4Jb j jjjJjj£ 4™f 4 jI^ , &j4jl> j ^jjb 4„> ljjl^5jlii^ i^ ij 5j ^Jj 4 J (O 

♦ (OliUjjj CJJu^lii ^ 4j*|j )4 jIj 4jI> j 


.j ljl^> Aj j»*^4n> ijiL»J6^ J j»^-> jli* ^ L> 6j L$ ^ 6j 1^^ ^ J 

♦ol^6i ^ iJj -0 jj^ j jU<*J NsCI | 

H 2 o 

- 

1 mol 


NaCl( S ) 
1 mol 


^ Na ^ a q) + Cl ( a q) 


1 mol 


♦ Cw J J^Ju j»4Jbj<U J>o (J<U ij<Cbl .> i^ 4^ ^d,d^Lo j»^4j 


Ci 2 H2 2 0i1(s) 

1 mol 


HoO 


C 12 H 2 20 11 ( a q) 

1 mol 
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« 4Sj4J « ^il^ljb 
























^jqJqJjo^ JLou glSli ^^jio^Lolj 

^aJL ij 5jACL o d j»Jj <Lm) oJi j) ^^CJjj&JaJU i^&jlj^ 6 J^ i^****^ iJ 6 ^K JJ' NaCl ^JCyo4j ^aJL j*i4^o4o ^ 

(ul;^ jlCLoA> jLoajfe A^*) SjAC o SdjjAj 4^*4^C- J jj&*J 4jU 5ddLo jj, 

^4JL ij 5jAC o Sd j»Jj (^j^4^ cJij) 4.JU jlj^ 6 J^ <M g-*^»^4j ^aIj ^6JUij4j CdCl 2 ^^CCoAj ^aJL j*^4o T^T 

^4^ij4jA&(CC o 4Jb jLCCoA> jLo 4J& 4^) ijAC o SdjjAj a£* 4i.C»J jji^J 4.JU fcddLo ^iJUij4o ^ZidS 4o*i 

• Co .d ^4-fcjAj jjjU dj -0 

h 2 o 


CaCl 2 ( S ) 
1 mol 


-► Ca 2+ r an , + 2C1-, 


(aq) + ^ (aq) 

1 mol 2 mol 

0.22 °C 4jl ^a N a Cl jlj^& <M gACy.>4j ^aJl Ij4j cc 0.11 °C ja^aj jJi^ &jlo ^aJl> 


Ajl^&d CaCl 2 <M g^C«^t4j ^aJL> lj4o CCj 0.11 °C jjSjj ^^Aj ijlj^ijlo ^ C C q Aj ^aJL> 

• CCoA 4 b jLc-j 4.> jL>4jb jaS*aj —0.33 °C 

jLo A 4 & A^ 6jAd o 6djj 4 j ^dJjj^*j 4 jU AjJ ddLo ^AJb (^6 Jj6j 4 j j| AjI^ 6d K3PO4 ^6 j\j& 6 jlo j$ ^aIj 

• Co .d j» A^jAj jJjlo ^j-o Ij^ K3PO4 ^6jA^j^ ^jI^aJ A&^> • CoO 4 J& ^dyj A> 

^dyjA> jLoA^ a£* ijAd o idjj4o jjjA^i^aIj ^d-U6j<C 4olS*6d Ba(N03) 2 i^&jLt^&J^ J^ *>S^t 


♦ CwCj fcQ d 4,.fcj 4j Jj»a C^4j j JJ aS* jyo j»*i4j , Co d A.fcj 4j j jj lo ,JjyO Ij 4 o Ba ( N 0 2 ) 2 j4jjjj ^C aJ A^J^> ♦ CC o AJb 

♦ 6jAA oAo&jd*) |»Aj j \S ACCJjjC^-JAJ Jddl-o j£ J4jb ^JjAJjjjjjAj j jrC^Aj ^aJL ^SjAJjjj j»Jj | 


jl^ <UyJ J jj &*%£ ^aJj j Jw»4j ^4-L jIaj 

l£aJj 

l£A_L 

Atft = Kfj X Til X jj5l^«4^<u 

At/, = »jLa^ — ja^js 

A— ^y 7 x m x j^jl^o4jbA^ ^JjjIj ^Jj-« 

Aty — 6jlj^^ ^CCoAj ^aL jAJo^j ^^CCoAj ^aJU 


• 4jLcJjjC^-JaJ Sddlos aJ 1 171 ^X.m)A> 4o ij Iijlo ^ a5nj ^jL d jI^^JLmmCj ^CLoAo ^aIj ^Ji j4j jy-ojJ 


Ba(N0 3 ) 2 


AICU 


Kl /f 


KI 


(S) 


-► K ( aq ) + I ( aq ) 


1 mol 


1 mol 


°C 

A t f — K f x m x mol j>b = —1.86 — xlmx2 mol j>b = -3.72 °C 

/ / ^ m Ojrr. 
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« 45j4j 4 4&b1 (jICIjU 



























^jqJqJjo^ JLou glSLi 


A1C1 3(s) 
1 mol 


H,0 


► Al 3+ / aa) + 3C1 


(aq) - , '“ l (aq) 

1 mol 3 mol 


4 mol 

°c 

A t f = K f x m x mol j&b = —1.86— x 1 m x 4 mol j&b = —7.44 °C 
11 m 


Ba(N0 3 ) 2 ( S ) 

1 mol 


H 2 0 


► Ba 2+ (aq) + 2NO 


3 (aq) 


°c 

A t f = K f x m x mol jjab = —1.86— x 1 m x 3 mol j^-b = —5.5 °C 
J J m 

y : Jalijb 1 Kg A MgS 04 A 7 mol a.) .'j I .'j b . aa ^Aa oJa | 

n (mol) 2 (mol) 


m = 


m(Kg) 1 (/gg) 


MgS0 4(s) 
1 mol 


H ? 0 


M g Z+ (aq) + S0 4 2 " (aq) 


—Y- 

2 mol 




At f = K, x m x mol ovb = —1.86— x 2 m x 2 mol ovb = —7.44 °C 
11 in 


bj\jj jb 1 Kg A 150 g A JjaL^Aa ^ AaSjl^Asjb ^ j I ^Aa JijJ j 


58.44 — NaCI ^a^wjL 


#J iym (#) 

(J^9) ^ 4>o (“~r)sjly 


isofe) 


1 ^ x S8.44(^) 


= 2.57 m 
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4^51^4J 4 4 4&i) 


^ 3 CM* 




























^jqJqJjo^ JLou glSli ^^jio^Loll 


NaCl( S ) 
1 mol 


h 9 o 


^ Na ( a q) + Cl ( a q) 

1 mol 1 mol 

°C 

A t h = K b x m x mol j^b = 0. 51— x 2.57 m x 2 mol j&b = 2.6 °C 

m 


55 ^b b ,UJ 2.65 °C B3(N03)2 jb ^<*-b j4^4j j 

;_ ^<db 


Atf = jJu — j4Ju = —2.65 °C — 0 °C = —2.65 °C 


Ba(N0 3 ) 2 ( S ) 

1 mol 


h 9 o 


► Ba 2+ (aq) + 2NO 


3 (aq) 


mol jjjb 


Atf = Kf x m x 


lmo/ A^jb 


Atf 3 mol ojfeb °c 

m =- L -= -2.65 °C/(-- ,, T . x -1.86 —) = 0.47 m 


mol j>.b 


k l mol Ba(N0 3 ) 


x K, 


3J2 


m 


f 


1 mol * 2 jb 

o^djq^jq I^ 1 Kg dj dS IV1 g S 04 ^ 2 tllOl ^yjiwdi ^yuuuddj ^ 

nij\ji(mol ) 2 

m =-= -= lm 

(ffflO 1 

°C 


A£ f — K f x m x mol j>b = —1.86 — x2mx2 mol j>b = -7.43 °C 
/ / m 


i^ii X Kg <xi Bo ( N 03)2 vs 62,5 g 2 ^( 2013 —2012 ) 

.261.3 g/mol = B 3 (N 03)2 ^djuM^u ^dfdi 

-1.336 O -0.445O 0.445 O 100.445 Q 
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^jqJqJjo^ JLou glSLi ^i^^o^LoLi 


V o did^ S00 § dJ ^.jjL ^Aj^^JLT 0.2 mol dl Lj^Slu ^Tdjo^l^jir ^^I^JjJLJLkMJLu ^db ( 2014- 2013) 

100.612 O 0.612 O 0.204 O 

0.445 O 

0.05 IT) ^MMdi ^5"«3oo^l jjSo^U ^j\j£jjjj.jjjjj ^yuuuodj ^dJL) ^d &jj ^_yj^<d>l^ 1 ^(2016 — 

2015) 2 ^ (2014-2013) 

?oAidc. FeCI 3 

-0.372 O -0.019 O -0.28 O 

-0.09 O 

* 0.01 m KCI < 50^1 jj s 0.01 m jS&m 2)dTdi 

2 ^( 2016-2015) 

d>d£ ^db i 5 &<)dj^>^)dj odio^dj ^ymj (^) djd& ^ ^dJb ^O^di^j^dj odio^di (^) 

did& J^.r ( 5 db ^o^di^j^d) Qlod& (^) djd£> ^i J^-S* ^db ^o^di^j^dj odjo^dJ ^JL»dw (^) 

VoAjd^ ^l> 1 Kg di joc^^c^mj &^j/}JS 2.5 mol di ^^j'L^5jLi ^^djo^i^ajro^u ^db 2 ^( 2015 — 2014 ) 

1.3 0 2.6 0 102.6 0 

101.3O 

0.150 di jojjjLj 0.12 mol di ^ii^Xo ^ydjoyijjSojU ^^i^jjJluljuujlj ^db 

^ (2015-2014) 

VoAjdCk OjljJ jl» Kg 

0.408°C O 100.4°C O 1.22°C O 

101.2°C O 

Ldjuuio^ dfo^l jjS "vn -3.72 ^dTdjLjjMdj ^5<db j 1 m ^dTdjjuuodik ^^yTdjo^l jjS 

^(2016-2015 

\ "yjk» di Lodi dSjJTdj 

C 6 Hi 2 0 6 0 NaClO AICL 3 O 

. Kf $ ATf $ ^MM<b (5<^&d) o^o^dj dTd> r^uli' 

BaCI 2 0 

^ 50^1 ^JLJUtidd QtodJb ^yubodj ^dJb “3.2 C di'Lf © J> KCI ^ykAAUdj ^ 5 <db 

^ ( 2017- 2016) 

? oAidc. Ca(N0 3 ) 2 

-5.58°CO -7.44°CO -1.86°CO -3.72°CO 

9 ^ 9 ^ KCI ( 59 ^ ^y^L* 9 1 dj'lTo.} Ci 1 ( NO 3 ) 1 !_5 ^ 59 ^ ^ 9 ^ li (^90 , 509 I .09 :^yjujJ 

KCI 2 mol -3.72 

X 

Ca(N0 3 ) 2 3 mol X 

:A7y — Kf o^o^lcp. ^dil^l jjS dl joLTdl 

■X ( 2015 - 2014) 

0.2 m KCI O 

0.5 m C 6 H 12 0 6 O 

0.5 m MgS0 4 O 

0.5 m Na 3 P0 4 O 

AT f — Kf l^dj (1) d) ^Ijuudd) ^juudd ^ ^ild&jJ ^obbd) ^dfdl l^yjujJ 

At f — "2iKf o<)o^i^d ^dii^i^> jlT jodj joir 

^(2018-2017) 

0.5 m MgS 0 4 O 0.5 m C 6 H 12 0 6 O 1 m KCI O 1 m 

ATf — 2Kf l^d» (2) d> i"ui v ^lwji'd> ^MM<b ^ J^o.jj ^ild&jJ ^obbdj ^dfd> ’^jjLUL) 

k. _ 

Na 3 P0 4 O 
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dikypAJ i 4&J&J i 


^ 3 CM* 













^jqJqJjo^ JLou glSli 


LSt^tJ* J^ 4 ^ cT^l^V 4 " 5 J 4 -^ J At^ j Atf ^li'ftjljjji 1*4 j 

^Ajtj\j£ Atf <*J tjjtjAj 1.85 L^jaj 0.1 m j KCI ^jtj\j£ ^ A£y 4 Jjjcj^ IjJlu £*j 

^£pjfe jj ijdJujdS t$j ^L&4j j Ij^j ^Ub4j jl ^ j I j l^> Jj jji c^4j 0.1 /T7 4J U 

♦ &£dj 5j(^C ^4 iT 6 jL &6 A fl^ V - ^ JjL> ^Lmm^Ij 


^ Aty 7 \JbJub j4j jji <*J 6dLjj ^ Aty ^L&4 j Ij4j Ol^J 4^ dSA * Jj d jj&»d Aj 66 JU*L>j4Jb IIjJLu 

♦ jL«4J& 4 j jJC^J 4jU 

KCI ^Jtj\ Juo4^ ^J*£Aj %^ ^4ij ijji J MgS04 ^Jtj\j£ Atf ^4Aj ^6j4j^ 

) jI^&jJjj4j 4^jb 4 jJjU 4^J, (jjL^4j jLjl^4jJjlj ^fcjLoj KCI j MgS04 ) ^^^4^ jLo4J&4j 6j 

-2 +2 

frjrfUj&JjS' jJjjj j j»£l^iilj >$*4 j jJJJjJ jjj ( SO , Mg 


M^do s—kjjjpJ J^50^)loj> qL ^yjuodci oJJdo^dib :^jj 

«jl>LTo^ Atf 

bblTo^ ^b^ Atjj 
s^j\Sg± <^bj o^l^ jlT J^T ^dJb 
«jl>LTo^ jod.S' o^l^ jlT ^juucudj ^dJb 

*l^< 3 o »">.jl> , o*S Jc^-A Loj> ,jb ^yjuo<XL oJJdctjdib :^jj 

bblTo^ jodX Atf 

«jl»ITo^ j© d^T Atjj 
cl>LToJ> jod.J' o^I^jlT ^dJb 

cdLTo^ «^bj o^l^ jlT ^juucudj ^dJb 


^juo4i, vjb Jc^-o ^Lo} ^C 


Atfo f Atf f 0^1 ^jlT ^5<3JL> } ^Ljlwj<3o } qLjjuj<3o dxxJdJb 

0^1 ^jlT i^juMdj ^<3JL» ; 'jljuuudj djo.JdJb 
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4^^4^ « 45j4j 4 4&b1 ^oImIjU 






















^jqJqJjo^ JLou glSLi ^i-ipO-iLolj 


? djdib ^5<Ub 0 Lu>tr ,^LuLAA)d^ <jlo<*.& dil^l jjS jodj lS,j4 * ( 2013 — 2012) 

KBrO Ca(N0 3 ) 2 O C 6 H 12 0 6 O A1C1 3 O 

Vdjd.& ^dJb o^ -0 ^* ( 0.1 ITI ) ^LuiAAid^ dA i-u<3ol^l^ jlT jO^j (2013 — 2012) 

Nal O CaCl 2 O C 6 H 12 0 6 O K 3 P0 4 O 

?djdJb ^dJb <”uj O.OllTi ^Lil^djuLuid^ <Xf 1^1 ^dju^li jodJ ^ol S ( 2015 — 2014) 

H 3 P0 4 O NaCl O C 6 H 12 0 6 O CaCl 2 O 

^dJb QbukAud^ ,jlo<X& <So <Xj<XJb ^iU^r ^5<Ub ^jIjuoIT ^ ( 2017— 2016) 

jL^O NaClO MgS0 4 O C 6 H 12 0 6 O 

4j 4& ^juuuadj jodj joLT ^ 2017 — 2016) 

KBr 0.02m O AICI 3 0.005m Q C 6 H 12 0 6 0.02m Q Ca(N0 3 ) 2 0.01m Q 


60 *<2-2, yJjoS lA. 


<6jAj>l^£l j~>> dlJ jA-up A > ^^A_>aJ jA_jA_i JbjlZu LJ 

JJJ JJ J 




2-2 


■ f ^ uW 4 

>jU£ t£j-» 1 *4 

.6J6j6 j J J-J 0.200 m KN0 3 
^^-pjA-jlJ aJ A^jJP La<U L»U -O 

.6J6j 6-U liljJ (^A^<_JJ_A ^xLuiA_) (_^aJj 

<UIj£aJl^6j jAjjp^JJ 

^ i"uaiA-> ^A_L ^^-ijjAjlj ^l_AA_* : jl_SA_LJj4Ukjj A^iJjjdJAJ .-5 

i-2.3°C (d<L» ^ <*L») C‘V‘I 

jA-J C^aL ^ajA^j^j^jAj < —4.1°C 4 — 1 .2°C 

jAJ> J-» ^ ‘A£j ^ \j w « J4 .AjIjI^fciS 

UJJJ 


o '_' 4 Aj£ aJUjjL^ A_iuJij jA_j . 1 

: uj a ^-o* j c£<aIjL» 

a aw .a u * aJ JP—^ 6jJ ^AjajLa .1 

ljA_A ^_lajA^ c£A-1j t ^£6jA_jJjLua 

JA_uj ^jiuj J)-l CpjA_>ajl J 

jA_a jA_l*jaJ ^djA^jjjlii o 

4 1 kg aJ ^ 1 a 4 Li ^^a_»6^i p» 2 mol .2 

aJ CjL-A jA^Aji <6jA_»ljojpi I JjIjjjjLjaJj 

i ~,J~ ... A t_4 4 7 .8 1 (L A^J 5 jA_j_jLluLj ^JuLluA^j ^aJL jl^ik. 

J a£6jIj^L»aJ» ajAJppj v _jA1^a_ ? ^aJj 

^A^A_4*» LjpJ 

aJ a^ ,(^jjLa) >» jj J *3 





m = 


n (mol) 2 (mo/) 


m (Kg) 1 (^) 

At^ = Kf x m 


= 2 m 


At f 

—7.8 °C 

°C 

K f = —- = 

= 

-3.9 — 

* m 

2m 

m 


.^>LuAa .1 .1 

.^LuAj ^Ju - 4J 

.2 


.uli' 


j" ts"> 


A^Sjlp Ai” CJj4i’»Aj»A . jli’jjlp ^ Kj ^A.7...1> a/ pJ^j AAj 
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A^^AJ a ASjAJ 4 A^U; 
























^jqJqJjo^ JLou glSLi 

♦ f> jjjj^U 4«JL«^4.> &£ ^4j6j \j& jAj ,3 

J .4 


kno 3 (s) 

1 mol 


h 2 o 


► K ( a q) + NO 3 ( a q) 

1 mol 1 mol 
^__ j 


°C 

A t f — K f x m x mol = —1.86 — x2mx2 mol = -7.44 °C 
J J m 

♦Oliiijjj jI^*4jjjIj jl jU JC$*4j 4_f 4^ 6j4jl^4jJjlj ^ij4jjjj4jj^ ^jJ&4j ^I>4j 

ijl 4j Cmj j4j j^jj4j j ^JU«u4j ^aJu j4j jj^-oJj lijlj^jjbi <*J 4^J 

jjjb«4^ j 4JjjLo 4^ ^4^4«toLyj4> 4 jIj ^ULo Ij4j jjjuo4^ (<»>>) <M g4JL n . i 4j ^4»L <^&j4jjj^-«Jj j4^4j.^L^4j&,a 

4jIj ^ULo |j4j jji Jjjj jjj {^) ^SjIjO ^1 m«4j ^4l_> ^fij4j jj^*ojj j<0 4j j»^4j . 4j4_fc j£ ^4lj ^fij4jj^jj4j 

♦ 4j 4-fc ^ ^4L ^Sj4j jJjjAj JjJ jjj J 4Jbjj jjj ^4^4mJLwj4> 


jjdjjj viul^adjLuuj 


:lu2w 4J64 4a4j umJ t jL£4JjL£$£ 4Xwjdj .36 

djljj jj<£ ^Lm^> |CJ s jl jj ^[£<i£jj<*3 Lai 

6jl j jlj£ ^jaXj m }jIIjj IS*^AS* A m* JZ) jbj II 

?4£j££ UJjJd^h ^IjLS^S ^Jtuijdj^J t jrttt/4J ^4b (pj^JJ^jj .37 

6 j 4^*4 j 6 jIjj j<AJb ^JY^o jJaJLj ^ v «Sb.> 4 j &jlju*i<bdj III] li^SjljjS* 4j6jjjjLfc 4jlj4^u m 

li^SjljJ <J }jai*JuSjlJ jS* ^AS*«CL£ij 4 j <U Sjlju-jiU IS li^sjljjS* ^Lm> 4> 3^4j Jut^jjUb <gIj<cLmiIj |CJ 

$4Sj$£ uijJdJlJ ^jl^jiS {jSulwjdjAJ t jtfyS ^4b ^^Jjj4J .38 

6 j 4^*4 j 6 jIjj j4Jb jS* jJaJLj 4 j djljuMt<U4j IS lid^&jljjS* ^ILm> 4> 3^^ 4jijjjjljt> 4j|j 4 >LL> I^J 

{j 4 JLLmi 4 j<uJ 4^ ^IS'^jl jjS* 4 j djljud<b |D| I^A^djIjvS* ^Lui4> 3^aJ 4jftJjjjljb <GIj<CLmiIj ICJ 

:4j djl>w4J ^5 jj^ uJjJ^^b ^jLSjiS f (Ji\juui4J .39 

lijlj4jJj> (JIjl^ 4J 4 j#jj 4^* © I ijl^wjSj (JjIj JubjjtlS m 

I jr^* dj ijl jj jJjJ t£jj> |D| liij Ijr^" dj ijl ^ jJ**J ^g.^i.1, 1 d, > E] 

Kf — — 1.86°C S»djA^ ASojIjrtS ,—8.0°C ^uLS»i .uojIjuj ( J yLuJjJiSaJ^lj iS^H uAj ^Ab .40 

14.8 © 4.3 © 4.5 © 1.86 © 

^4lujb 4Jyi ?4JJ4u ^4L) J|jd£ jb 300.0 gj jjSiiuJjJiSidblj (jSAMjljj 10.0 g jjjitjS ^4b A4*j«j'nAJ .41 

0.51 “C/mjbijjS^^rf^Si^jSO.O g/mol 
0.34© 0.2© 0.32© 0.01© 


41 

40 

39 

38 

37 

36 y 

© 

© 

© 

© 

© 

© J 


67 


4^^4^ « 4$j4j 4 4&b1 ^oImIjU 

















^jqJqJjo^ JLou gl5Li ^i^^o^LoLi 


jAZtJdJJte 4&d$\y.i JLi&y — 0.21°C <GLSi: t 4 jIJUJ jljJljAJ e^JjJ 4£d4Jdjl^d$G^Xw4J ^4b .42 

K f = -1.86°Cub!jj 

1.1 b o.i 2 0 l.iiB o.ii n 

jaSaj ddJA^ ASdj! \j & t ajUuj^.J ji&dAjG ^<Ui$!$j jIjjIjAj t — 0.6652°C -Gliiid4jdjl^djG^Xw4j .43 

K f = -1.86°CuG!jj 

2.66 0 0.300 0 0.358 0 0.0110 

jAiujb AJj* ,^uL^j jb 300.0 g j ylJj^SoJAjlj ijj 20.0 g AS aJjA? *14 °C jir$S i£AJj jjjAj .44 

K b — 0.51 °C/m j50.0 g/mol 

0.68 0 0.38 0 0.42 0 0.13 0 

$ Kf = — 1.86°C uGljj jaSaj t aJU4£ 0.020 m NaBr <j£4ja$lj^a$G is ZLute ^Ab ^ASJjj <yjj<UG .45 

-0.074 0 -0.019 0 -0.056 0 -0.0093 0 

$ Kf — — 1.86°C CaiGIjj t dJU4^ 0.010 m CaCl 2 ^clwAj ^Ab .46 

-0.078 0 -0.037 0 -0.056 0 -0.019 0 

Li<b jA) djUAS jl^LdjJ&dAj dj!IjgS ^Ab ^LSA-u^ji AbjAjta .47 

^ Si^* |Q| jJuljU jIjAj l£| jLbb^lj aGJjIj l§l jjji bib) I^J 

: jLSASjjiAj .48 

Sj4Jb^ Si j»Jj j*)’j5* ^<Jb j jj4j jLhiAj ^aJu l£| Sj4j4^ Si jj4j j’i) ^<Jb j j»JJ jrb-j4j ^<Jb I^J 

Sj4j<^Si j»Jj j'i j5” j ^LmiaU (^4jb IBI bjdjilS Si Jj<b j'i j ^4JL> EB 

: 0.01 m KCI G0.01 m j!>SA2 <)aSa) jjjIjAj .49 

4j«Ub ^bJb ^Sj4jj^oJj bJubjdujji 0 <U4J6 ^Sj4jj^*ojj jLo4Jb 0 

J*JJ> ^ iA** 4j i^aJL iJjijAl ^AJ* [DJ j*jj» ^ U** 4t ^jJ. &j4jjajj4> jLoAJb liVj 

t 0.01 m MgCh (pjl^jS bO.Ol m nl iSAb.'UlAJ ahIiAj .50 

4j<Ub ^JmwjaU ^£Sj4Jj*-oJJ SJbSjbJjji 0 <U4Jb ^aJL ^SjaGj^oJj ^LoaU* 0 

<U4Jb ^gJbL ^ jAb ^Sj4j bJubjdj jlly> I^J Jb4Jb ^bJlj ^SjaG bJjbjt^j GH 

:0.01m KCI ^jlj^bO.Olm ^aS 

4j4Jb ^SjaU bJubjdj jji 0 ^Sj4jjbjj^b jL«4^ 0 

<b<Ub j5" ^aJLj ^S j&jjjjjAj bJubjAj ID] <U4Jb ^<*JL ^S j&jJjjiL) bJubjdj [Ml 

: jLS^CLJj>SbJAjG ^GLS^jLS .52 

sjL«jJ ^ ^4JL IM1I 0 

isjljj* ^5CJj-0j4J& <J Cbbu i cibj Sjl Jj A^jJ4j ^jLo^S \Gi 

liSjl^j j4J& <J CbJJ i ci-o Sjljj ^15*bTjjbj* ^*Lj j-« |DJ 

0.01 0.01 m ^Ab ^Ab .53 

m HCI 

bjjbjj^ SJbSj4jjji 0 0 bjJbjj^ bJub jJu jji ^jl jJuAj [SI CbuSi Jsj ^jl jJuAj IS 

^r^oogl^j' ^yb^ju' jdjj^j - 15 At/j ^ Aty 7 ^y LfL^bdj >__vj.Jo 2 > ^g< 3 uJjk f *j cjdj yk^dj jjbObJdA ^dSj^p 





53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

J 
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4^51^4j « 4Sjb a 4&Jj yl^ljlj 


^ 3 (®* 















0 jqJgJjo.s JLou glSLi t> i.»j5o.»Lolj 




'.ojOjoJu ojoj\ y- ^4j y^aj Jijl^^s~‘ l j 9 Jj4?T 

0,U cjaL 3j c^jSoi y* y~Ji% t 100.102°C aIISw j}^ ^ojl^ o,U ^aL, aT o-Jlj< ^ .1 

^‘ ** jA A ijL-JVj - 4 OL*AJb jA^Aj OjOjI(^A jljjjlj ^aJ aSajjAA t^£aj\j£ 


Atb — 3jij^s yiiijS j4b jAij^j jAb 
= 100.102-100 = 0.102 °C 


^y^isy^ .i. 


100.204 °C 


^Jaj i^Ajjyl^ ,w? - 


100.408 °C 


At b 0.102 

At b = K b Xm => m = —— = ——— = 0.2 m 

Kfo 0.51 


jjjA^j- .£- 


aj ajusaj w iir^ ^Ab 


jjSjlSei'ijSjtb 

(_gaj*j3p (_jjl yi^Jj ajIjS" (CH 2 OH) 2 Ij • (CH 2 OH) 2 aaJjaj y.'^SyS ,jwaj oji jjSo S o .2 

m = Atf = -18 = 9 68 :9 J^. ,a 5 cSjO 5.0 kg aS - 

— 1.86 

(^aJu (J^SjAO^Sv>*jJ Jj OjOjl^>t5sjj jAj Alt’^jJ-uAj Jj-« .1- 

mol = mxkg = 9.68x 5 = 48.4mo/ ’ ' 18 ° C *V s00 ° C J -> u 


?0jl^I^ jISaj li (I) a) <j\JLjAj ^1 £ JjA5^ 

4lijb 


mol = 


au*jU = mol X aImjU *jy = 8.4 X 62 = 3000.8 g 


aLujIj Al>« 

(CH 2 OH) 2 1 .lKg/L AjIS"o^ (JaJLjAj {Sj* jaS*Aj . ^ - 

-18°C l£a!j 4i (jwAjAj ^ OjOjOjAS"A lJ^j (^OJAJ j^> oAiA^r 

3kg 


Alwjb = djbAJ X Jj* => OjUAJ = 


■ = 2.72L 


^ 1. lkg/L 

(^AjL jA^Aj cOjAILo^JjAj ^ajaS* ^aL a 5" AiUVjJ j-1 OjaLjj^jj^j ^OjOjAS"”^jL>» AJtfjSo^ ^ji^Aj 3 

^AL^u^Jj ,jwAj Oj^ Aj^jAS" C 0.0°C jJ OjAILj ^jj jA^^0 ^A> jaS* 


*$4jLSw jjAJ aSj^ 
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« aSjAj 4 a&jj (jiltfijU 


Q* □! CR* 
























i^jqJqJjo.* JLou glSLi ^i^j^o^Loll 


y • lSy^ iJjbojI^lJAj o^l* (jA^» jl^y aJ OI^Oj15^a-Ajoj ^bA^j £ aJLIa jISaj aJ jJIiSaj .4 

°jL^ c£jyojALi 100.0g aJ ojAj !yJjj ja^ *a>*Jj ^iJj^S"aJajU ^ X jl^.U aJ ^ajaijjU <j 12.0g cAjjji 

c^ojAjl^'Jdj y a^jjISaj ^.tfy ^S'52 (JojAjSJ ^ 2-2 aiOc* ^jUlj c^JJaa b 99.4°C a) aSoj^Ijuaj 

At f = djijriS u .u - >u^j .u.u = 99.4 - 178.8 = -79.4°C f 4 * 

J C£°jl^ ^aJL 01 Ij5 ^jljL>. .} . 


At f -79.4 


m = 


K f -39.7 


= 2m 


?(jwAj c^aL ^ISylIji Aj y^Aj C^io Aj oJJAs* X (^AIjjIj j jylS" c£ojl j$ ^j-^^y 4 .<—> 


aJ X Jf X > As * cjyA* bjylT 100.Og aJ X c ^ aiJjU <_£ 12 . 0g jaS ' a ; .£ . 

?AjAa bjylS”’ ^^L»l 

mol = m X kg = 2 X 0.1 = 0.2?noZ 

AlwjLJ AitfjlJ 12 ?C.JJA^r X ^AIjjIj (^ALsxjIj Aly . £ 

mol = -=> AL-jU 4J>» = --* = — = 60 g/mol 


120 g 




mol 0.2 

<-£ J Ob"ojl^ JjIjaS" LjOjlS* lojdjoJj oil! OjojlyS* (^A«Aj .5 

4J uuLm 4J^ aj!j>tS 4J u^J dj!j[t£ ^1^4^ 4J u^J jjj|j<b UdjLS 45u^ 

&>tfjS (54jlj4fUJ 
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42M?AJ 4 <tfjAj 4 &jj 























0 jqJqJjo.s JLou glSLi 




f 


J** JjJ <«£^*j4-*aJ C^OjAj JJ ^yj2> jJjj 1 JJlJlS"4jUi- j\J aJ «jwAj oj^ cj^L* ££ JjAJt> — 

^ J CH 2 OH—CHOH—CH 2 OH IS* caSojjjIJIjAj <U1*»Aj ojp tOj<U^X 

l^j 4 ^jh ciyt^ i*iyl>> ^^ (^jl jAj4j j aSj^aJ = = 13.44 m 

?oJUa^ -25.0°C 3i jU c5 ^u 

/if, -1 3 

0.33 m 


K f -3.9 


(lS" 2 "* 4 ^) ^y 200 .g *5 ,rN ai~o a5” ojojojjJj ^1 ^Aj CH^OH jAj <j;az^ >j\j 

c£ 52 0 jAjV c£ 2-2 i^azJu?*- Ajlj^j ? 1.30°C ^ii*vAj ^aJL ^~*y j^| ojaj Tfiol 771 X hfj 

c£jUlj i^ojAjb JLi* jISaj 3 ; = 0-33 X 0.2 

, ^ = 0.066 mol 

Ai*jU = mol X 4 I 0 m *>*• = 0 066 X 32 = 2.11 0 

«£*> ‘ 100.34°C ^ bjU <J C 6 H 12 0 6 QSJ 4 /O) ^1 ^ ^V^ Atb = 100 34 ~ 100 i6 

At b 0.34 ^0)1^ 5AJ = 0.34 C 

m = —— = ——— = 0. 67 m J J * " J ^ J 

K h 0.51 


?aja^ (iSjyyy) cs-sjj^ °j°j^ ^ y! jS ^ 

y£ys 0.1 m s 

jjjA^ y* 0.1 m .0 


ajaa yLtiA? && jjS'y£ 0.5 m 


jjjAS' y* 0.2 m .* 







Q* d R* 























^jqJqJjo^ JLou glSLi ^jajSoaLolj 


^^AI^Aj ^aJj (^a^a I^a . ^<j .6 

jlA fj IjjU aJ dlj^iAA ^Zj YjX 

,CjL^ 6 Jj 6 J ( —1 . 86 °C/W? Ajl^fcJ 


62 2 j*d££4 ^Jd<y v£d£<ti££*|j,y 


<U jJjlj-d*LA 


' 4 *\ y J ljj*i^ IaA ^di-ALu^jAA ^ A^jjuj ^IujU .1 


(°C) tf«Oj 

(g) 

(mol) oji>i 


.cAjaj JaIAA ^lA Ja^aJ .1 

- 5.58 

1000 

1.00 

X 

aJ AJa^jjJjLa j ^^lA .o 

- 1.86 

1000 

1.00 

Y 

■ Cjj \ j J dlAj 1 JjAAajI^AajIA 

- 3.72 

1000 

1.00 

Z 

.ajAAl^aJ jU ^aJj 


^<GIAjj_)j6J ^AJ 


IaA lA a^6j b 3 LT^J 4 - 4 •• 


ZjJ > Ca(N 0 3 ) 2 C.>Ja *»6 J X -o 

^CpH 22 0 j j 2 Y (£6jl^» 

.cAj KC 1 

^LAa-jjI J 6 ^pjuuj-* Aj ^A_aA uA A. jAj c^aAIjI^^ jaJ f[£. .7 

SA_jA_A <^A_L pJ>»jjAj a^j!j£ AjIjJ 


X ajl^s c^ 6 j 1 ^ .1 


Y 6jl>> C$ 6 jL>^ ^ 

Z ajl>» C£*$b^ .£ 

.<_»A^A (jl—i-J(_£A_L A_j j^oAJi .J 


^6JALj 


jjA^. j lj KC 1 ^ 6 jl^-j^ <s 11 -' aJ <j^jlA Jj-a aa^. .8 
jA&A A_iA_aIj Mg(N 0 3 ) 2 1 L aJ Jj-a 

ScA-j 1 M ^L»aAa_» jA_a ...a a. 

^aJ A5A ^AjjJIAj a 1 “2 AJLAa. ^A\Aj_4jIAAjA_i .9 

I jjlA aJ ^Lj^oL^ j 6jaAj^j^j I j ^lA aJ 6jfcjl (^aALAjIA 

iajaAA^jLA 


Pb(C 10 3 ) 2 * 
(NH 4 ) 2 s .j 
( J_>L" csjLj *-l) PbCl 2 

FeS j. 
A 1 2 (S 0 4 ) 3 


KC 1 .1 
NaN 0 3 o 
AgCl . e 
BaS 0 4 j 
C a 3 (P 0 4 ) 2 a 


Sa m-^. ^a .VKjLa Aj^jLj .10 

j _' 2 *i J .11 

.aA^IALuj6 j j^AA^jIA <jl^AA aJ (_^jl.o 
a£j4^1aAj jljV l5 aAj w> A^‘A j J>A-a^ •* -12 

.6j&jaA-?1_h^ j 

.6jAAlfJ jA-A jA^aJ AAjj^A jj J .o 

SCjIAaJ (^jLjJ c^-AjjA^jJaA dJa^ a_jI^A .13 


.1 jjA^6jl^j^6jlA aJ cA^j^jlAftj ^52LaA^ .j 


^ j~; ..iAjk _)A-1 Ojajl^i. t ^Ajljl_ > jS ^Aj -.LS .2 

.Ajljjj ^' J J ~'-JJ^) H 3 0"*" ^yjL^A_i^jl_j 

0.10 M CH,COOH 


‘ 3 vuui1 n 
O.lOMNaCl .j 


0.10 M HC1 i 


0.10 MHF 


jAj cSjAlj^j (jjjli.L. A_j Ajojlji. (^AjLaAj j.L2 .3 
j ^jAj^^JaAAa ^a\AaJ aA <cAjA&jIj aA jAl iu\\ 

SoIjaJjjj 

Na + (^(7) + Cl-(fl[flf) ^ NaCl(j) .i 
2Na + (a^) + CO f(aq) +Ca + \aq) + .o 
2C1 ~{qa) -> CaC0 3 (s) + 2NaCl(^) 


Ca + 2 (^a) + C 0 3 2 (a^r) -» CaC 0 3 (s) 


6J6jIjA^ (^AALoAJ ^\S A 




^jIAjojA-jA^oJa-a c>j) *A>^9 •<—» 

ll) c56jAAjj_»3jAj 

<a_j l jAa ^ C p H 22 0 , j jjjA^j-uu 0.1 mol (I) .5 

0.1 mol (u) «ljjlA 500 g aJ ajAAajI^Aj^A 

^aJ <IjjIa 500 g aJ < NaCl 

SAAxajIj AAljl^A^ jAA (^6jL>j6J (^AAIA_>j_»j6J 

.A_jA_A ^jLALLmA^ A_cJa_A ^LoA_A JjA_A .1 

^ LS^J^ ^ *(I) CS*jU^ o 

.cAJIj 


^ «(•) ^ 
lj (v) 


.^^AJIjjLaA_A AJ aAajI^^ ^5^djA_A .J 
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A^^AJ 4 ASjAJ « A^U; ^umIjU 



























i jJiiU ♦ £ 
tjAJujJbi U 


uJoJuljoi JLou glSLi t> i.ij5o.sLolj 
♦jli*l*u. 

Mg(N 0 3 ) 2 4»> 4™$ J^*o J KCI J 4j4^ 3 J -0 jji >8 

&j<Cu jj&iU 1^7 6 ji £ jjj 6 $ IO ♦ I *9 

bjA*j *j ij4^j ♦ j ij4^j tjb 

sjiCujJsi :o 


^jlijjj ^jIS* 4.J Cw^ Ltoo.*^ I j^S* J)4 jUjjIj j AJujU ♦ 10 

♦j4JJ^j <*J &j|j2 b$jd£ <*J 4jjjb ♦ 1 *11 

^1^4jJjIj IJuLm^jJa^^IJ 4j jjjj4j 4^<Cuj(J <U ^&j4JJUIjj j£jJ Cfi 6 * Cw^jji ^4 JUjjIj j4^ IJlUJjjU <*J »0 

«dj4jj^Lh> dhJ ^jjU ^<Cj jb 


♦ 6j4j&jIjJ jAj JO .6j4j&jIjJ jAj : 1*12 

JjU4j&jl Jj ^l £aJ Uyjj (ib j ^LjJjjU <Cujb j4^ (a ^J 4 j ^£5j4j «13 
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« ASaJj qluJjU 









J a£j J <A^ftjlj^ 2 \ A~Uu\ t J JjL^4_Zu4_jj l_A 

^Ajj (_£A^A*jjA_A ^ i~A \ ^sA tsV\ J1 A A_j^jlJ> LkjAl 

*J*jb^ 

( 2-2 

( ac l) + cs^j^b^ (fl?) —> •! 

(II) 

LT^^J-fJ^ (^) + fb±“*^ (<?<?) —> O 

(II)o** (tf#) + ^bnb* 4 ^ ^LL*/^ ( ciq ) —> .£ 

(jl^J_> L£$jA£ jjA_iu ) ^jL^6jl jiuA_i Li Aj^jLj *23 

.a£j ^jLjj (IjjLjA^6jlj-i^ 6 jLj aJ AgN0 3 j KC1 
6jU aJ (II) fiujZjjl <^1^ j (H) *24 

<(Ja£aj dlljL£ ajAIjj^ ^bj^ (^A^jjA_> ld>L$->l£djl^ : i^ 
A_jj^jlJ> j ^£_>A_wjjLa ^ajLla^ ^Aj^jU 

.AjmjjIj a£11jI£ ^a_j ^i3A_> ^a ruj La 

^A^jljl^i^ ^aJ <jl_j ^ \*i <.uA^j (_^aJj ^LaAj .25 

( 3-2 ^AJjj^j ^Ji ^bj-?) :A ^f <5jb^ Ij6j6jl^ik 

.IjjU aJ C 1 21^2^^^ 11 ^ *30 ^ (_£6jl^$£ I 

.IjjLi 1.00kg<JC 12 H 92 O n 171 g .0 
.ljjU400.g<JC l2 H 22 O n 77.0 g .£ 

Li A^ dA_>a jl^-iS jA_A ^JLjJVj-o .26 

^l_AA_i ^A-j jA^Aj <A^j ^jLj J <q\ J jlj ^jljxuljAj 
:A_»ljJ QAll x'ltJjA-i ^A_L (_^6jAJ> 

( 4-2 <C,lj_*) 

-8.37°C , E -0.930°C * .i 
-3.72°C .0 

<J cs C (l H 1 2 0 6 20,0g .27 

.IjjLs 250.0g 

SftjjA^. jAAjjj l5 A1« j Aj ^aL (56jAjjj_^>Jj (jLaAj .1 

SajjA^k A^&jI^i^ ^ \ u*jAj (5^4, O 

J_> AluiJ^lj C 9 H 4 (OH) 2 (JIujA^j 6jJ (_£6JjLo ^Ij^ JjA^. .28 
Sc^^a: Ij -20.0°C aJ ^aJ ^ 500.0g ^ 

5.45°C ^^jaS ^aL aJ C 6 H 6 ^jU* *2^ 
7.24 g dAjajl^x^ ^IxcuAj ^aJj jA^Aj <Cmxu»Aju»&j!J 
AjI^aj cAjI jIj I Jjljj^Aj 1 1 5g aJ ^ C 7 C1 4 H 2 
SajjA^k j_>A_j ^ALuAj (jA±> i£jiK\-y A_] Vj-o < 3.55 C 
<cAj 125.0g (^aAajLujLj aJ^o aA 1.500g ja^aJ 30 
^aIj <0jA^ijljj3 Ij (a£j^3ax) 35.00g aJ 

ScAj6J JjA^ aA*jj_jI J_jA_j ajl j-A ^ALcmAj 


^jqJqJjo^ JLou glSLi ^i^^o^LoLi 

j «jj-AA_»» \\ AjIAAj aJ aAj ^JIjLi^. .14 

aJ ((C^Aik)) J «oJJJ» J jb^ 

I \\l *\ 4 \ j“ j U \ ^ X ^jjj^xuLl 

^IAaA ijdj AjIAaJjIA idj^Ai ^A-jftjljj .15 

o 4 -^^ C^ 6 j 6 jl^ik 
(jLLuuAjA-aJA-A .1 
LSjJ^jy* ^-jLLuAj .J clA^ 4 -? Ci 4 -^ -O 

u*iAik ^IujLj ^ 6 jAJ> JjjAj (_^j-A AAaj 6 J J .16 

Aj aA^jIjLi^. ^^lujAik 6 jl^_A jj J dojlA 

S'djAAjj^djtaja. dll (jll&J Aaau ^AAj^JjAj 
S cAluudjdJ 6 jA_jj^_ijjA_i aJ ^IujLj ^A£ -o 

(JjJ-LuufiJiJ 6 ^A_J^^JjjA_J aJ aA^I^A ^JLujLj dlJlA . E 
jLjAj jL> ^I^aJjAS (^aJjj^ ^L^jAjAj 

Scu-» 6 J IjaAaJjA-j 

J J •' *17 

jA_ujAJ djjlA_i 1 A_j ll 

( '- 4 -^^ jlAajajAljjJ J lA^ 4 -? c^ 4 -^ 

uW^jjb 4 -? 
^»bjW f 4 ^ (jr^J-f 

^HuiAj ^aL ( 56 jAjjj_j-o^ ^L-AAj ^J-J .18 

c 5 ^ <1 

<^IAaA^_>Aj ^JxuAjk ^A u\ V > jA_ujAJ ^_vltuA_J 

^jbW^ 


.4 v ii mj i jj^L^k 


^aJ aAa_)jA_a ^_>Lmj 6 jJa^A 11 IjjLj aJ ^aA\*sjLa .19 

(2- 1 A^Ijj_|).A^jj1j 6j6jl^ik (^AALAjLj 

MgCl 2 , E KI 1 


Na 2 S0 4 j 


NaN0 3 .. 


19 ^>1£aIjjU a£ dllij-ilA jA_a ^KaJ^j c^ajLoj .20 

^ AuX ^ 6 jLoj LaajjA-A J A^_j ^jLjJ A 6 J i^oAJbjA. J 

A^jljlIjjlA Aj AojjLj jAJ 1 mol ^AjLj^jLj Ajjpa jAj 

,a£_j ^jLj J J^A_A 6 J ^-oA_AjA_i 

^AjLoAJ dA_jjA_A ^LAajJa^AIJ ljjl_> aJ ^AJ^j£ jLa .21 
^IAa^^jLj aJj-o 0 j 1 «^ W'J 4 ^ 

:4 ^» u^ 6 jj-? l^ 4 ^* ajb^ 

^iI^la 0.50 mol .1 
^jjj^u 0.50 mol -o 

\aj& l$a ru\<\ j La ( 1 -2 a \ a ^jl \\ AjL^a^aj .22 

1 \ « A ... ^j i > I A j i ^ \a ,,1 ^ 
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A2M£Aj 4 ASjAJ 4 A^U; 












^jqJqJjo^ JLou glSli ^^jio^Lolj 

6jA*jj<iS dd j jjjj ^blj djlI jj U jL djl jj 1 4 ^ V ‘ f jj ijdJujjS d.d jljV j j*j&4j ^blj «14 

Jdj^uj^j jl^bjbi ^ fi jLp* tfjt M 

dj4bb did j»4^* ^4JL djAbb'dd j»4^' 4^ ♦ I ♦ 15 

.Olbdddbj Id4i*dd j4j jU4j jJu’Sfdd ^LL-jAj : d dj4jbddjj4j j’SjS* 

♦ djJj^ djbb e^*>dd 4^ &j(jb* ^ J^^fdd Aj jU ♦ l« J 

♦ j Jb ddd ^Ll*)4j 4j uj dd jL*b4 j Gu d (ib j 4^*4 JLm» ^d j4jj^jjj4j 4.J ^j4^4j*djll^> ^4jLbyj4j j4j bLub* *0 

♦ u j U I JU 4™> 4Jjjd> ♦ £ 

a£ ,Ol^Jdd Cw Jj^^<J4jU <b ,Jdj4j JJJ dj4j*b'ddjj4j ,^4Jj J j4jb*dd j*Jj jL^Aj ^4JL <Jjji4j ^bJj^^4j4j : I ♦ 17 

.Gb b 4Jb jlbb-j4,> jbo4J& 

(J4j 4J jJ jjj Cwf jjb 4.J 4.J jjj*o (J4 j j»^4j ebb'd d I Ju 4 j <b* djljb 4j 4 $Jj4j jjj-o <J4 j Ct-Jjjb 4.J 4.J U ^jj*© <J4 j 4^i^> *0 

Jd<bdjl^f <J Ob'ddljU4j a&b J>« 

♦ Id4^djl^jb 4j j lb 4j Jjb jl^ybil^lj Jj dj<Cuj4^dd ,^jljb> ijj* *3 

- ''v V 

: 1.20 j .19 


KI 


(s) 


1 mol 


K+ (aq) + 1 '(aq) 

1 mol 1 mol 


In 


NaN0 3 (s) 

1 mol 


H.O 


► Na ( a q) + NO3 ( a q) 

1 mol 1 mol 

v_ w _ J 


MgCl 2(s) . 

1 mol 


H,0 


+2 


^ ^§(aq) ^ ^^(aq) 


1 mol 2 mol 


Sr(N0 3 ) 2 ( S ) 

1 mol 

0.5 mol 


HoO 


-► Sr 

1 mol 

0.5 mol 


Na 2 S0 4 ( s) 

1 mol 


+2 


H,0 


(aq) + ^ -^^3(aq) 


2 mol 

1 mol 


+ -2 
► 2Na ( a q) + S0 4 ( a q) 

2 mol 1 mol 

v_ j 


f .21 


0.5 mol = Sr + ^L* ^»jUj .a 

1 mol = NO 3 ^b ^Pj-o ^*L;b«j .b 

1.5 mol = jb*<ujjb ^j-« b^jboj *c 
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4 ^d^ 4 J « 4 $j 4 j 4 4 &Jj JumIjU 


^ □! (*• 





















^jqJqJjo^ JLou glSLi 


Na 3 P0 4 (s) 

1 mol 
0.5 mol 


h 2 o 


+ -3 

► 3Na ( aq ) + PO 4 ( aq ) 

3 mol 1 mol 

1.5 mol 0.5 mol 

v___7 


1.5 mol = Na' • 

0.5 mol = P0 4 " : * 

3 mol = ju& Jf>« ^jL.j * 


HgCl 2 ( a q) + ^2^(aq) 


S (aq) Hg ( a q) 


—►HgS (s) + 2KC1 (aq) 

► HgS (s) v£<wf3 U» AJj) \J 


{tS *mS ft AS£***> 


(Cl j K ) jl^9jljLu4j 0 AjjjU 


Na 2 C0 3(aq) + CaCl 2 ( aq) 
Ca +2 (aq) + C0 3 ' 2 (aq) 


-*-CaC0 3(s) + 2NaCl (aq) 


^gZmS $ (A AS 


“►■ CaC 03 (s) 


(Cl j Na ) jLTtj I jimi4j U U 


3CuC1 2 ( aq ) + 2(NH 4 ) 3 P0 4 ( aq ) -^ Cu 3 (P0 4 ) 2 ( s ) + 6NH 4 C1 ( aq) *s& 

3Cu + 2 (aq) + 2P0 4 ‘ 3 (aq) -► Cu 3 (P0 4 ) 2 (s) ^ ^ 3lfc ^ 

(Cl j NH4 ) U 


:f 22 




AgN0 3 ( aq ) + KCl( a q) 

( NO3 j K ) (j 4jjjb 


► AgCl (s) + KN0 3 


(aq) 




CuC1 2 (aq) + Pb(N0 3 ) 2(aq) - 


2 C1 " (aq) + Pb+ 2 (aq) 


-► Cu(N0 3 ) 2 ( aq ) + PbCl 2 ( s ) £&ss\&AS£i, 


A t f = K f xm= (-1.86 x 1.50 ) = -2.79 °C 


: \2S 
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^k^AJ 4 ASjAJ 4 ^oImIjIj 


^ 3 CM* 




















0 jqJcSjo.s JLou glSli 



« 4£jAj 4 4&i1 ^oImIjU 



























^jqJqJjo^ JLou glSLi 


Uj jJl — j^Xjj u + Atf — 0 °C + (—0.826 °C) — —0.826 °C 


.28 

. g * V Hi d * , g ZJinlAj — 20 0 — 20 C 

A tf — Kf xm 

At f —20°C 

m — —— —-^ = 10.75 m 

K f -1.86 - 
m 

(Kg) = 500 x = 0. 5 Kg 

ritjijs (mol) 

m =- 

mj«jp (Kg) 

(mol) = m x nijA^jj (/C,g) - 10.75 m x 0. 5 Kg — 5.38 mol 
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42^ 4J « 4£j4j « 4&i) 


^ 3 CM* 



























O jqjc§jo.s JLou glSli 



« 4£jAj 4 4&i1 ^oImIjU 






















^jqJqJjo^ JLou glSLi ^i^o^ldli 




<jl jjl^AaxLuiA.^ *£, <4_>ljJ sIjAjljl^i^ 6 jLj ^Aji jA^A_j .41 

iS 1 ^ lt* 1 ^ iAj>U>j LS+i *-i JJJJJtJ^ 4 0-01 m 

:A ^-J u4]fcb 

K,P0 4 z Nal 

CaCl 


.1 

l 2 o 

^£_lui4^ .42 


v 3 rw 4 •£ 

(^)C 6 H i2 0 6 

Sa jjA^ cjVi^A-ijaj Ij — 2 . 43 c C ^a_L aJ 
^a^_»a_ujjLa <-ljI a j La .1.43 

<jt4> Ailjjj LT ** j44h44 

obaj J ^>4 

jjIZj^ LU <a1_i ^jLj « 1-2 AJLiajk ^->1 Y\ Ajl^A_iA_i .^j 

Sll ^Lj CjjJ dLiJ 
ScJjfeJ jjj A^lIjL^ jAJ LjLj .T 

V ** w 

^6jAj| A^uijjjLl e^jA-uijLft ^^Al_»4JiA£jLa .44 

j esaj^lyi aJ oIjaj jjj 

6 j^h JjjU Ja^aJ ^jl]j\£ 

.6jA jLa 

aJ ajdjl^i. ^A^La aJ A^A_»jA_A ^_> Luj^jJA_^jJ ^A jl_A .45 

<44^* tJtj^Aj k*J<J J A_^jjlj Ijjll 

SJjA.^ ^Haj J-f I J-jA_> ajl 

K 2 S 0.275 mol J 

A1^S0 4 ^ 3 ^^axoaJaJ ^IjjSjSO.15 mol .o 

Jj^A_»djlj^ aJ <jU (^A_L ) « V>4 C5-*b^ -46 

JjjU2.00 kgAJ AgN0 3 131.2g aJ a£ 

^Va_j <6jljV Ijj^j IaJ ( HNO') .47 

<6^J-AA_i ^<4i,i 1 j 1a_j ( HN0 3 <dL^JOJ 

Ij jLj aJ jL A^A_jjA_A ^-iIj^jLj A-uujjjlj jA r./Xjl_A 

ajA^All^ jLa ajA^j <CjI J-> (jLuAj 

jA-A aJ ^ Ja^aJ 

.1 j£a_iA jLa 

^ ‘*J*J*jj^ ^ajlj^ AjU C^aJj .48 

.^JLujA_i_i_i Ij —6.5 1 °C aJ j Cjj J Jaj ^LJjjI^aJaJ 1_j 


fA^ (jASZ^jA-A ifjU &<±> J*-i *31 

: A^}(5jb}J ^Ailjl^iS 

(5-2 ^h/i) 

.ijjls <J C 6 H| 2 0 6 2.5 m i 

.LjU 1.00 kg d C 6 H |2 0 6 3.20 g .o 
.IjjLj 500. g aJ (jjjA^*u) C| 2 H 22 0j | 20.0 g --r 
vdftj ^LojI-^A^V^ C^A-L A^ (^A-iljlj^ ^A_J »32 

:A ^-f t5jW J 

102.805°C z 100.25°C J 

101.53°C .o 

^il^A_j ^Aij ^1 jjS ^LAA_» .33 

Cj\ > 1 .00 m ^A^A_ixujAjkA^ A^j (_£jLj J dJA_»6j Lj 

A_jljjjj: Ij 6 j 6 jl^^ ^A_jI_laILaJ —^ j 6 JjLo^Aj 

( 6“2 ^jAJjj^j 

Ba(N0 3 ) 2 .£ KI J 

CaCl 2 .o 

c$ 6 jU^ ^ *34 

s^jjA_^ <cuj 0.015 m ^<^a_i_l 1 uja_£*. a^ Ij A1C1, 

^ 6 jA_j jjljJ aJ A^ ^jlj^j M luij j ^_lLujA _1 (^aJj «35 

SajjAj^. cAajLa <illj bjb 450g aJ 85.0 g Nad 
^6jA_jjjl^J aJ d)A_l6jl^-i^ ^jlj*\ 3 UAxUAJ ^_> (J<L .36 

cAajLa Ijjb 0.150 kg aJ ^jjjjJ^ 25,0g 

SaJjA^. 

(5 6 jL>^ ^ jki (^aJj jA^AJ 37 
^JjJ^j ^_J^LuAJk. ( £j\ > 0.65°C <IJ-a^J-cuL j^j 

SaJjA-^. 

^A-jftjlj^jb (^ii^A.) (5All jA^Aj 38 
‘^4? — 2.65°C 

SdjjAj^. 

"f 

aJ a£ ajjAj^. dlA_J 6 jlj-i^ ^jlj^ilj-ulAj ^^-Hu u*uA_j ^Al, 39 
Scilij^ *^4 0.250 mol Nad j jll 1.00kg 
^5iA_i&j l^i^ 6 j ll (^ 6 jL)j 6 J dlA^) 6 jA^ Jj ^ 2 qLj ^_i A-a L^jA _j .40 

A^ C»lj6J tC j} > 1 .00 TU ^A^Ajj^iajA-^. A^ Mgl 2 

t —4.78 C C AJL^aJ jLj l 5 1 Lu<L, 45 AI ^A i_i iA"ii.ulj 

jU (5^4 C^J*j44h4h 

A^-| jl J*«Vn ^L^6jIjj4 J j'j4444} 
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A^^AJ 4 ASjAJ 4 A^U; ^umIjU 




















« 4£j4J i 4&J 1 IjU 
























^jqJqJjo^ JLou glSLi 


NaCl (s) 
1 mol 


ICO 


Na + (aq ) + Cl, 


.35 


85 ( g) 

n ijijj =-^— = 1.45 mol 

58 - 5 0 


, 1 Kg 

my** (Kg) = 450 x ” = 0.45 Kg 


m — 


1000 g 

n (mol) 1.45 mol 


m(Kg) 0.45 (Kg) 


= 3.22 m 


°C 


A t f - K f x m X mol jvls = —1.86 — x 3.22 m x 2 = -12 °C 
’ ’ ' m 


^ ^jULj + Atf — 0 °C + (—12°C) — —12 °C 


Bad? 


Ba +2 + 2d' 

1 mol 2 mol 


.36 




25(0) 

n >j\js — - 7j — = 0.12 mol 

208 <S5l) 

n (mol) 0.12 mol 
m = m(Kg) = 0.150 (Kg) = °' 8 ° m 



.37 


KI 


(s) 


h 7 o 


► K + (a q , 


+ I 


(aq) 


1 mol 


1 mol 1 mol 
v___ j 


A t b = K b x m x mol j&o 
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^ 3 CM* 































0 jqJqJjo.s JLou glSli t> i.»j5o.»Lolj 


A t b °C 

m = ---= 0.65 °C/(2 mol ^ x 0.51 —) = 0.64 m 

x K b m 


Atf = ^4JL = —2.65 °C — 0 °C = —2.65 °C 

h 2 o 


Ba(N0 3 ) 2 ( S ) 

1 mol 


Ba ( a q) + 2N0 3 (; U |) 


.38 


Atf = Kf x m x mol j&b 

At °c 

m = ---= -2.65 °C/(3 mol j>b x -1.86 —) = 0.47 m 

mol xKf - m 


NaCl (s) 

1 mol 


h 2 o 


► Na + (aq) + Cl 


[ (aq) 


1 mol 1 mol 

v -v- J 

2 mol 


n(mol) 0.250 mol 
m = — — - = — - — - — = 0.250 m 


m {Kg) 1 (Kg) 


°C 


Atf - K f x m X mol j>b = -1.86 — x 0.250 m x 2 = 
’ ’ " m 


-0.93 °C 


.39 


*)4j 


+ At r = 0 °C + (—0.93°C) = -0.93 °C 


Mgl 2 


Mg +2 + 21 

1 mol 2 mol 


3 mol 


°C 


Atf = Kf x m X mol j>b = -1.86 — x 1 m x 3 = -5.58 °C 

ii wvr - m 

- ■■j ^ (j ^ ^^jb J bbj\ i i i ^ mi^ ^ j jl I j L»> 

. db* .L'- ' -' J jjbbb Aj 
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ujaloljoi JLou glSLi 



jLjLS'ju <Cljjj i£ jLS'ju-jJ d<b<Cji JU<L> 


4 j 1 JLJu b 4 ^T 4 *m> 1jj 

<J£*J * 4 j!jjj 4 $* 6j-*-o ^jj> 

(dLb*i) ^ <^ 4^3 

j4p J bo 

( cJLJLm*i 4 .j ) 4 . 5 "jmi ^*£>jJ 

bjLA*^ 

cbjL-yj jJ 


(tjbJbc ) ^Lyj 


cJLjbb ^4jj 


^jj 



:^a jL;(/ju ajljjj i£ $&nia ju*> 


4j|jLJu 4^* £*j£» \£jj> 

jb^frjb'^u 

N 3 0 H j »jJ 1 ^ JUm^JJ abU J N H 3 bj^y«4j ^jtj 

j*ibo 4jb*4ij6j4^^b 

4j 5jl jJ » 4^" 1 Vi ^ ( 0 H ) 2 ( bwyw^ 4*0 Jjui) 4*0 JU b 

6i4^ ^LTfiibj fijljijfii ^^1^4 J j i 

j*jJiJ-*J J Al(0H) 3 j*J^JL*o4j4j 

NaHCOs 

cr^-HO^ 



^15” iOhjtj 


♦ Cuj*b ^^L+ibS Cwb j jjJ>b , <t£ijLjb^jLr^&jb %* 

♦ Oo $£ 4j ijIjr^ >jJb 4^*ij4.£ b* jj^ii OJ-J^^ pH ^£bjbjA*ii\j *4? 

♦jJCJb&i j*4Jbj4U ^>jjJbU j jli'ljjli' *♦* 

H 2 t 


Ba (s ) + H 2 S0 4(s) 


-► BaS0 4 + 


fjtfjP dba ji 


j->5jJu!a v5j^ 


4JL^)j6j ^**> j4^J vibJjb jjiy ^^-^bbjlfc ijji j4^4 j ♦ dbu jlS j J j4^dl*Jjb Ciij 3*b4^ 

♦ Jj*!»*^0 L) 6j5j 4**j 

^j4j4jb JLo^ j jjlj*i ^£*Jj>^<J4j jb&jlj*i 4^>jj j**^4j j ^4^4^65 j*ib b&jb jbftJ*J&44 4*Sjj ^b&jl^b&jb % 4 

♦jUjb 


:«_uLfo^ tLSbJ^Lf ^jTd.Ji l^)J IT JdJdJ qujj ^yLf 


^(2015- 2014) 


»—O2 C 3 

«— o ^ jO<Xib A/^2 i5 O 


vJLkj ^ jodJb^><So H 3 O+ ^yLujd^ (^) 
jodJb jAj H 2 ^5 




? 


1 


lijji 

a 


? 


425b 4J « 4Sj4J 4 4&4$ ^UttljU 



























^jqJqJjo^ JLou glSLi 0 j.*j5o.*Lolj 


l AP JJ? JJ^ ^ JjI-A-^ 4^ 4^ ^4jl^j3 j4b j *jL«j <^4^ 

♦Jj4j ^Xl^JL^)Jjl^ jJ j ju>JjJjL& jJ 4 J jj i bib A$ j4jL£jj j4j tjUT^bljd 4b jJ . 1 

(<jJL+ l^pl^U ^jU +jjjub& +^bjj) -'jIjI^UjU ^LuL 

i 





J- 


OljV 

J 

f. 


6jJjb4j 


•D 

6jJjb4j 



O 


6jJJb4j 


OljV 


^4^6jU 


<jbjJ 


cLjjJbjj «b ^bjj 
<jAjj ji^ Jj Jj Ub ^«£jj 

c$Ah 

dL Jjjjj Jb U& ^b jj 
dL ijf jfjj Jj U <jbjJ 


HF 

HCI 

HBr 

HI 

H 2 S 


♦ ^Ijji ^tjj aJ jwjj ( 4 j ^Ijb jLjjjjl^) jl^&jL 4-^o|jj4jb 4bjj ^JAjjjj 


♦ jj J bib bJb Ijjl^U j j jj>Jj Jb L$> 4 J (J!jjj4j4^ j4jlbjj j4j I (jb*4bL^u 4b 1 jj »2 

♦ a£ 4b Jj aJ jjj4J& jc^dbjj {£j->Aj Cuju «j4j6J Gbu jlbUjb jj i^jJj4j ♦ jLjl^bUjU ^LjL ^ 

(jj+ Lp^b t^jb + <jAP*) ♦ *~*Zt ijji jA^ Aj • 

(bij + ljj(i*b ^jb +<jbjj) ♦ bb JJJ Aj • 

( J J JJ jb jb) Ij4j jjj jjj jjj jj j4^* 4 j bjjJb&fcijb'b ( j*jU&) \£a£ ji \jAj jjj j»4^* jjj jc^b *jj jJ^" 4j 

ICo J j IS' 4o 



A «. 

fijb 

A «• 

iS*J* 

^4^6jU 

A ♦* 

jJiJi 

HIO 


HBrO 

^jS 

HCIO 


hio 2 


HBr 0 2 

jjji^ cAj 5 

hcio 2 


hio 3 


HB 1 -O 3 


hcio 3 


hio 4 

(.jAh 

HBr 0 4 


hcio 4 

jjjji^ji ^^J 

h 3 po 3 


h 2 so 3 

jjjwb tjZjS 

hno 2 

bLjji—ji ^jj 

H 3 P 04 


h 2 so 4 

‘4jJ«b t_fAjS 

hno 3 


CjAP 

h 2 co 3 

A$j*i ^jbjJ 

ch 3 cooh 


aS j-b<d b i b dLujjUlj jib lbji<ub <jJU a.} 6jjj*Ub ^j ^bj^ (cL) ^j^bb aj jbJb'djU aS ^4jLjL-^ 4b jj jaj j 

♦ Ctb jo jLjbj^ ( ol ) ^j^blb 

H 2 S0 4 + 2H 2 0 -► 2H 3 0 + + SO 4 2 

db aji'ji' ^j5 ol JjJ'jJ' 


a£ jba (ib j dbjjjbb jib Li 5 ji4jb bLJ ^jI^ 4.J i jjjL^ ^b j£ (bL) ^j^-ib aj jlbbijL aS ^4jLjI 4b jj j4j j 

♦Cbi ^j jLubj^ ( Jb ) ^J^bb4 

hci + h 2 o -»- h 3 o + + cr 




? 


i 


ujji 

a 


4^^4J 4 4Sj4J 4 ALA ^Ijb 

*r V 






































^jqJqJjo^ JLou glSli ^i^jio^Lolj 

iS c L ^ c LUU jl_jLi; jj ci_J ^L - : ^ (jj) jLjl^djU &£ itji J 

♦CJ a jLubj^ ( Cu ) 

H 2 S0 3 + 2H 2 0 -► 2H 3 0 + + S0 3 - 2 

JJ ^y £d ^13 



b<JL ijb5jj ^jjj UL e 4 j 6jIJlm»4j jiijj JU L& b Cujb6ijfii jb d*Jm*P **+£jj AJ»ijj 4 J 

H 





ivdk^JLf ^yuj^>J dl dj diUdJ joLT 2013— 2012) 


HCI O 


HCIO3 o 


hcio 2 O 


hcio 2 O 


HCIO O 


hciob o 


jj.j ^yjj^JdJ dj dilodJ joLT 2f: ( 2013— 2012) 

HCIO O HCIO4O 


• %" v*u J* wiSaj li L> ( cLSb ) ^yu >jj 


^(2015- 2014) 



* ^ kJ* djiodj joir 

^(2017-2016) 

HCIO O 

HC103O HC102O 

HCIO 


kj* diUdJ fir 

^(2018-2017) 

O 1 *?'** O 

HC104O H2SO3O 

OH 2 S 


d) ^diLodJ jolT 

^ (2018 - 2017) 

CH3COOH O 

HBr O NaOHQ 

H2SO4 O 


♦jL ^jbi^lMwJ ^Miy j^Jb^Ub 

~ «y> c^o^jb'd) d»L j b*; ^Mbj j dyy ^ jj jb t i 2 so 4 ^b ^ ^ {_y**y 


♦ijiib ^bbj&iJ • 

«b b ^ ^ j b ^ Lmj b* ^ b»*JL i A*j ^jj b* ^ b* ^ 

.ftJ-*ojb jJ* 6 jAZj y>b ^jbdJ j jbb ^jbdJ ^^iijb b ^d^ljb jAj j£j*ij jJ 

J ^ b d£!> ^ 4 ^* dJ ^ y *^ > d.> d.> ^^ j C«0 ^ b L u I mO ^ ^ 6 i ^ bo b C^>*y^ d^b^y> C<w^Lu^ 1 


♦ 6j J c^b'd^ ebb j b* jbd » ^oI»\ j4j d^^bo 


: HNO3 bLjwb 




> 


♦Cw6i jj, bjA*jjjb$ jbdJ b ♦i^^-b>b j bjji IJuJujb ^jb<J 

£+>j£ jptjj jb ^^-o jjOj ( 4jIXu ftJJLfb ^j4j <ibub 4j j£jJ Ob&i ljjd> jb<U-ujjj 4 j ij6j ^ 

.uy^ ij5j 



? 



lijji 

a 


? 



































































0 jqJqJj 0l » JLou gLSU ^i^jio^Loli 


J OlS'dd I Jj *aj J C'JjS'il C -W)A > c$AP * 

♦ jl^4«j4^od3dj j bJJ cLbbyjV j jLoj&i j jli j 4nJJ j Coijl^4j 4 jLjL.u4Jm«u ^ 

5jL$ c5wij ^ N O 2 ^<->J_9 « »^-< ^ Jj 4 5^iJ5J 6j bJ4„>5jl»o 4^.J&j 4*JZ)jj ^ 


l H3PO4 dbjjLjJ^ 




> 


*U b^* U ^ 4»i0 4J L> 4«> ^ ^ c«o b* ^ Ij I j3 Aj 6dj ^ 

^£ij4j i,^L jij4j ij I ^jj i^ I Jj <U 4-olj4j 4 J Cuijl^dy , <LJ j-fcij j 4 „£i jJ ^^-oIj JJJJ ^^sJ jjJl+ij} jJ ^ 

J<Uj 

♦ « i L, 4 I^Uj ^ j£s.^+l J j j J btf ^y »t 4.J C«*J ij 4„> ^ 

: HCI ^ 

.Ob&J ^<^0jL 4 j<U* JjIj Jj&JdS* <LZJj ® 

♦ jl^Sjj j jru-«jlj ijjj ^6 j4j^ i'L Co ijl^4j ^ 

.LjSi ^jL> 4J 4,^0 i j£ 4,X>jj j j> J j4^Jujl> bJftj Cu^j(^4j 4jLjLmj4JLu ^ 

♦^jLoLbo ^6j4jiji^4j4^o ^jlo ^<dj ^Jjl^JjjLjj Cuijl^dj <^4^ 4 JC u4 C ^ 

:CH 3 COOH (dLjiULs) *£j~**J > 

♦ ^j^iyJ 4»o 6^17 C 4.J d^O^> AiS^ '^wj ^ SAj & i ^ 

♦ Cu^6i Cwjjji ^Jl;UIjJ iUl^lj ^4^^yj jj %8 b %4 ^4^jJj (J4^j-yo ^ 

♦ CJijl^4j ^4 ^ojjj4^ j£jJj (iLjLyJ^L ^ii 4 J ^jLyj4y^u4j ^ 


$ \_>o^LT<3o xzS\jj^ ^5d.x>l^)dj ^ o^o^dijj^lik 2 Qidj dJ ^djua^J c^do 2 c^ 2013— 2012) 

HCI O CH3COOH O 

H3PO4 

0 

HNO3O 

J Jul^dijLyj d Ju d j(j4j ulJ i (jJLu jjJlj j CyLw4yj^ 1 7 °C 4 J ^jl> ' j*u ^j£iIjJ d£ i ijjjliJb 6j4,J 6 jU j»4j ^ ( 2011 — 2010) 

^^>ju|li (^) cL5jaLuu>^Aj|Lib ^y*>>>' (^) 

O ->M i ?->-^ La > ly"^' O 

*«Jl>j^Lr^o li-T^Jo^T ^ ulSCjuumJ ^ qLo^o^ ^ ^ dj^j ^ j<\J 2 c (2012 - 2011) 

(^) %*Sjjjj.j ^y*>>i" 

0 


?«jbir J ^0 <" vmoJ ^dXd^io^ ^j*j jolS* 2014— 2013) 

HCI O CH3COOH O HN 0 3 

0 


H3PO4O 

^vixj^ir<3o <$Sj i^dJd-o (5^i> ^ oLn^u* dj q»js ^lt 

^( 2015-2014) 

HNO3O CH3COOHO HCI 

0 


H3PO4O 

^iJJki^LTdj QLTdjukj'^^ji ^o^dJuuujL dj joLT 

*^(2016-2015) 

HNO3O CH3COOHO HCI O 


H3PO4O 

^^ITdj dj j0^jkjuuk dx> c) (a ylu.& <> )0^ 

2 ^(2017 - 2016) 


CH3C00H o 


HCI O 


HN03O 


H2SO4 o 




I 


1 


ilil 

a 


4^^4J 4 4£j4J 4 4 tjJj ^oLi/ljb 

*r V 



































































uJdlaljOi JLou glSLi 


♦ 4J 4*0 j- j\£dJJij ^0*1jfij Oub j ji jj Cojjljjfii , jL j 4Qyj ijij ^1j4j 

»(JLLm)jj ^JjL*j*j ^JJb4Ju6i J j&i&i J Cw * Q <^jljb J jjO* J ^fL> jLjb'ijIjb6jlj 

♦ CtJj^&i (Qjb ( ^$'4jijljb' jiD rfb'&j^b' bLub* jtJti jj jjj^&i pH ^6j&j<L-b ® 

( j J ) 4j 4^& jjj L*i jA^jAj j Lj 15* 6 j Ijb 6j b 

♦ ^jO i dlO jb J J a <ibJjib JJjJ 3^<*J • 

jLo<b* j jjlj*i 4j jb^jlj^ 40& j*^4j J jjOjb&i j-L L&jb* jb'ftjO&O 40b ^b'&jljb'fcjb ® 

•jUjtf 

^ j jS^ 

.Ob'ii ibj ( H 3 O ) H ^jj L ^^gO-4> jUb'iIjljb 6 jb 4.J <b jOlOjb j4j ♦ JpI jJ .1 

(iiO j»J«JjjJuLb 4jJjb J j-4*o4j Sj40jjSi bjb<J dbub* jj5b b<U jU 3<b<J JjlIjJ&i <b* 4j4Jb jLjO>Jj Julfc jlbo-jj 



♦ CuJ 


HNOq + HoO 


HC1 + H 9 0 


N0 3 + H 3 0 

f&b*'* Os’ 1 ' 

Cl + h 3 o + 


.Ob' 5 ^j OH jLurfbjjjuUb ^jjb ^gOi.ttQ jlob'ijl^jb 4 J *b j4jlojb j4j • o*aj *2 


NaOH 


Ca(OH) 2 


HoO 


HoO 


-► Na + OH 

+ + 


-► Ca + 20H 




jLf 4 ut^j ^ ^ 

rlol-jbijljb5jL 4 J jLO J jj b 4 j jjjj ^bljj ^OO jb*4-0» jj ^jlbi j 'j—> 


(jli'dji/i) jlSY^* ^ jlAjS 

jjb*6jOb4j j3 

jjjjjjb&i ^jljdjb 4 j jbjbijljb&jb <*J <b j4jL-jJ j4j 

^jIjAj 4j jLub'ftjljb'ftjb 4 J <b* j4jbi 1 Jj jAj 

"* j&i&ijjj O-uljb jj^O jlulbbsbj b* 

^ 40-1jb <jJ4j4- L^jAj jljb'^b'^Jjb' 

(~ ^) 4*> ^jj* CH 3 COOH + H 2 0 CH 3 COO + H 3 0 

^.Ji^ij-V.b* HF + H 2 0 ^ F- + H 3 0 + 

HCl + H 2 0— ► Cl + H 3 0 + 

«iLuJ j j b* 2 CO 3 + H 2 0^ ► HCO 3 + H 3 O 

cib.y 0 j^ jj 0 L*^ jj HBr + H 2 0—Br + H 3 O 

^jS [CIO + H, 0 ^^ CIO + H 3 0 + 

iib i^>JjObfe jj HI + H 2 0 —I + H 3 O 

j uw b w NOo + HoO ^ NOo + H 3 O 

bLjjJb ^jj HCIO 3 + H 2 0 — ► C10 3 _ + H 3 0 + 

bLjji-jji ^ijj H 3 PO 4 + h 2 o < ** h 2 po"^ + h 3 o + 

^jj HCIO 4 + h 2 o —► cTo 4 + h" 3 o 

lS*** H 2 SO 3 + H 2 0 ^ — HSO 3 + H 3 O 

duiJjZ ^jS h 2 so 4 + h 2 o —► hso 4 + h 3 o 

d-jL-.jjxU ^Jj HCN+ h 2 o^-»- CN + HjO 

cLjub ^j- HN0 3 + H 2 0 — ► N0 3 + H 3 0 + 


5 

f 





« 4Sj4J 4 4£L£ ^iOljU 















































^oJnijoi JLou glSLi 0 j.&jSo.»LoIj 


<Xa*i jj QJ \JJ ^>jJb<Xj doLo<XJ jdLT 


^(2017 - 2016) 


CH 3 COOH O 


HCI 


nh 3 O 


H3P04O 


~l jd^dJ tJudj ^j[£d^ijj 

.^j±jd£dj Jd.j JJ jdj J jllj*J djj I jj 4.m^o 4> ® 


♦jLj!^ Jj<u ^ULiSoo jLoL ® 


jL 

♦ IjuLuL'ftjL^ftjL 4 J jLJmJjjIj 4j jj^ ^UIjj 


(jl^bjljV) jl^iJ^Jb^u ^ 4JoaJ 


) jjjjJjLfti ^jIj4jL dj jloli^j ISjL 4 J 4^ j4jL^ij j4j 

^j!j4o 4j jijiS'djijrS 6jL 4 J 4^ j4jLo2j j4J 

(c44i >jmA j o<JLo ^Jj L 4lL^ ^^sjJudJb dj\ J 

(o4j> j^o j o*JLo ^JjL <Cmo6^ fijj-o4Jb 4olj 

36 ^ 6 i 6 ^^0 Ij L j j ^ dj ^ Lo L* L* 

jbibJjjj AJLoIjL bidj 4 j L^jAj 

-► 


NaOH -—► Na"+ OH 

Loj^o4j 

kOH -—► K + + OH 

NH„ + H„0 ^—► NH 1 + OH 

Ca(QH) 2 H -°» Si + 2OH 

jdmUdj 

Ba(OH) 2 —L Ba + 20H 

c 6 h 5 nh 2 + h 2 o C 6 H 5 NH* + OH 

‘J-h^h-h* RbOH ——► Rb" + OH 


♦Jjjj&ila Jl£4j j*6jji J j*4^ 4 j ^4J<UoJ^ ^ J b^ M ^JjJuLb 

j jJLo4^ j Ljj^o^J oJjj J j ^flj 4 j 4jljCo jL'JL'J>jjuU 4^* ^4jLoij j4j ^*Ujjj 


dj CU( 0 H) 2 j»w*« ^Ju-w*£jj JuLb J JU4^ 5 jljr^” 5 jU 4j Ju**£jjJuLb ^L'dojjlo dj ijl JL*id*j ^J^Jb 


6Ju4>j*Ub Loj^o4j . j4^U IJU 4 j JUmJTjj Jj Lb ^l^4jj^L jjj *U 5j Lo j j 4jdjlIjj ^d£ I ijL 4 J dJ&J j> , !i J'^'« j 

.CujJftili jlj*i 4 j <uj^ d**A<k£ ^jj***£jjju Lb LjL <J <u&jl jjj 




I 


1 


nil 

a 


42^9-4j 4 dSjdJ 4 4&L>1 

*r V 

















































uJdlaljOi JLou glSLi 


76 2 ( 1-3 > 


^ehL>» 6J l J 

i ijxAAj ^^ y >" * * jj« 44 j 4 LLj ■ ' 

<ulj&LL^aj ^6jAjjj£ j_4J 

:olJc»J <jl jjjjjlS aJ ^ ~t~t.x.ti i a^AVij .5 

A jl W~ Jjl v\ v ^ Jj a ^£AJjJjA^ ^A ~'l " Jjl \ jA_j 

A^jl Jaj ,jLj OH ^aJiLaj^jLj j^aA_A 

j A A >j.\ ' jjA^A^o V6_J ^CuA^aJ ^j_^" L»Lj J" q ~ 

.ajAilfj 


.^L jISaCi^ t£ajb^ g-4^ •* *1 

^jL; »*1 j^a_' aJ£ IfL a_iIjLj aJjLo j aJ jJ>a_a ^jL> .u 

,A_jA_A ^jLjajA_iAj ^AjLtujaj j aJ ^jjjj 

JJ-» t5J^» »2 

HBr0 3 .o HBrO .i 

•cA? 6 jL>^ g-^h> ■• «3 

jjL; >*lj^A_> A^ AjljLi aJjLo jaJ ^JjA_A -o 

.A_>A_A .^AjUlijaj jA_j iSj^Jjj 

jj_4A_j ^~t_i.lj ^V\.i.)aJ> A_i ^jL^aJ>J-AA_» A_lu^j .1 .4 


♦JJ^yJ PH ^4X1^ ^£&j5j<Lyjb ^&&J*Coj.b CwjU J JJId , 4^)jJ jbj Ib&J l^jbftjb ♦ I «1 

♦ j-ij i Cbj jb j J jb bi iZllSjlS CJj <*J .^jjjjbbi j*4Jbj4o ^£>Jj Jolfc ^jlb J jb CbJjIb jlbljjlb 3 *^^ j3-b 

♦^jb&jb" ^ ^ 4j ^ b&jLS* 

♦ ( <iLj jib j j -b Ifc Cbjbjj-o jj , S^-y-o Jjb j 5^-o , *£ j—j 

.cL-oj^ jj «o .jj-ojj‘ 11 .2 

3? pH (^J4^«b ^6j6j<Lyjb *jljj-yj ^JJfc4Ju6i j j U w>l > J J J^b* ♦! 3 

♦ jJJa dbu jb j J j4^6i (ibJjb* 3^^ .(^-y^.f) 4 j 4J& ^yj^Lyj jAj jljb'ftjl^ftjb *c£-£> 

^j4j<U 4^ Juo4^ j jjlj*i ^LJj>£-J4j <dij j**^4j j jj4j4^6i jib b^jl^ ^l^&jl^^&jb 

.jUjir 

♦ ^J b*ij j , A^ ^jui , 3 b 0 ^bj^o4j *^rnJ 

♦ Cojjjjbfii ^Jji j4J*4j IJubjbd Ijl^b 5 jb 4 J jbdJyJ^4j <Lm)jJ ♦ I ,4 

♦ CojJjJb^ ^jl j4j4j I JuLubd jl^lb6jb 4 J jj|IjJsi jluyjb4 *£i jjb d^^bo »U 

.CmJ cbj CcuIjCu OH ji-b 4j 4Juj b jA.^5 j CpJ J ii jJ CyjIjCJ H b*U<Cujb jAjSs JLj £j<La jl>4j «5 

. 4_<^jj Co jJJj Uj j CC j I JlC H ci4o<Cujb j4.Jb «A 
. aC-C ) j-L^i6jJ4J jb CojjJjbj j CCjIjCj OH c34j^ojb j4.jb ,B 

-Lap HCI • 

i£ta NaOH • 

A^ij 4J <l£>jJ 4J CH 3 OH ® 




lijji 

a 


AJ^AJ « ASjAJ 4 a£L£ ^umIjU 























^jqJqJjo^ JLou glSLi 0 j.*j5o.*Lolj 





luirulfil 


jir^rsu ijiir I 


I yl£” <b*vw EE1 


:uJu £ ( 4jj4£)4j ) ijLw .3 


I 


<ujijjL-j E 


6 jAj I 


4 ^j 


m 


: j^duJjLS t djdj!^^jU4)diS4J J4$4l jLS<££ A 


l$j> j Ay M ^ ® 

CujAjftijfti jpy*Sjj J 1^1 


l$j> j jb if AA ® 

jb j jijj j>\si^a jj H 



> i^t^y jj* j cft>j j m 

jru>jj-b l^s <J jj j jtfyjA j!i ID] 


^jjjuU j y^y^Ay> Uaj m 
> c^-^V J ^>jj-V.b* j A B 



lAA 

m m 11 


doji 


>yy <y*y 


16 15 14 13 12 11 10 


10 © 
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42^9-4J 4 4£j4J 4 4^JJ ^oLi/ljb 

*r V 























































ujaloljoi JLou glSLi 


^uOAjbAJ iJUjLujUjd^ j AJjJ j ALlw^b j ^JAjASalwV j ^AjAJAJ AJ ^J^uxiJ ^SAJd^uuAJd AS A^ AwjJ jAj .17 

dLjjASjj Ju Ufc jj HI dLjuJ jj HI iiLjjJiujjj jj 111 dL i j£j£ {_£•£)jj HJ 

^AAjAJ ( d^Al) diwb AS A.uT’ AmjJ jAi .18 

(iLjjAS'jj Ju Ub jj HI dLjLJ jj HI cLjji— jj 3 jj* HI dL i Ji HI 

j L^AJAa ^jb j jLSIjjLS tpjAJJjStSb jj A^u^ AmjJ jAj .19 

dLjjiS'jjJu Ub jj HI dLjLJ jj HI dLjji— jj 3 jj* HI dL i )j£j£ <_$-!jj* HI 

♦ A44^ AjA£ !JASj 4«AJ ^AujJ jAJ .20 

( 4^ J^u) Ijj HI dL ii jSjS* jj HI dLjJjLuji jj 111 dLjuJ ( _ 5 djIjj HI 

?LuJdJ Jjd) dAJdjU jib JijJ j>LS .21 

(4$"j—j) ijj HI dL ijj* HI dLjji— jj 3 jj* HI dLjCJ jj HI 

♦ Ajl JUJ \£ AaAJ j£jJ t <j«j.uAjAJ ^AuLlU Aj .22 

dL-> ^>jj-L>l^ ^jjb j cdjjjjjbij j HI cjjjijjLL j HI 

^jl-d^Sw Jj j CJjJjJjIj6J j Jc^mS'Jj HI JLmmS'jjJuI^ ^JjIj ^gjlI *^&L» Jj j CujJGJjIj4J j Jc^mS'Jj HI 

$A4.£ iJLy/jl^jAJ cSijiju AJ ^JALcuJ JAjUj jS .23 

j4S*U c^-ujji li^S*4l jjjL j ^ LojlS” i*£jjJ^ jlS*4dAj j jijj 4&HI 

4J CwjjjJ 1J4S*4jl4l JJjIj j ii jlS*4dAj j jijj 4^JIjJ 

<J jj4 j 4^”Si LsjlS* (Jjjj4j* jlS*4XAj jJSjljr^ LJ4 j HI b4^6jl^S" 4 J jj4>4^6i LsjlS* (Jjjj4J j 15*4d )^j jljr^ LJ4 j HI 

♦ AbU^ ^ujLtAjAJ .24 

I^AS'djI^^i^'djlj 4 J Ol^SiiLj Ju>JjJul^ ^15* 4jJj Ij ^d«j4> ^5* ^U4XjjL 1^1 

1 id^SjLr^SjL 4 J ol^siiljj ■L-MiS'jjJbUb 4jjj Ij , 4ajLui^ ^ iU4XjjL [§3 

4 J OlS*4i j»4^” Jc> jj Ju U ^JIS'4jJjLj ^d«j4> , JLuLa^S' ^'4j<CujLj HI 

1 4 J ^u>JjJuljb L? jlS*4jJjlj jtLuj 4j15'U j[£ , 4 - 0 L^S* ( ^5 < 4j4^jjL HI 

Axi^ j^lbbjAJ .25 

4 J Ol^SiiLj Ju>JjJuljb ^15* 4jJj Ij ^d«j4> , 4^jL>q^S > ^5* ^U4XjjL 1^1 
\ £<k£ bj\j£bj\j 4J ol^siiljj ■L-MiS'jjJbUb ^15* 4jJj Ij ^Idu4> , 4ajLm^ ^^4j4JujIj lSl 
lid^djL^djlj 4 J Ol5*4i ^4^" ■L-MtS'jjJbUb ^JIS'4jJjLj ^Jdu4> , 4^jL-o^.^ ^ iU4d^jL HI 

4$”ijl jr^” ijU 4 J JLmmS'jjJuL^ L? jl5 < 4jJjL ^JLwj4> j<Lm> 4jIS'U jIS* , 4^j ^5* 4j4XjjL HI 

$ AJ^A& t LMJAA AJAiU/^iU^j^ A^ ^JUdjnU JUdjAJ .26 

JJjLj 4Jmj4^ 4$* 4jIjCu ^Jdj>JjJu(jb ^41j ij4^* , jj i j 4^* ^4djjL ll5l OlS*4iiLj 1 Jjl^Sjl^S'sjL 4 J H ^d^4> iHl 

OlS*4iiLj liSjL^Sjlj 4 J JLmmS'jjJuL^ c? jl^4jjjL ^d«j4> HI ^CdJjJ^J4j L? jlS"4JdjL> Sjl i jL HI 

5 AJAJAA t uuJAA AuJiQAjAJ Aj ^JU^jnU i£ddJ6$te .27 

dLiJ ^JjLj j d*dd^4j4Jlt 4fe dill li4^4jl^S'4l HI JwJjLj Ju U& jl-^j 4j4jt> HJ 

CwJ 4j4^4i LftjlS* i^jjj4j HI OlS'd^^Lj 4l Jj>jj-\j Ijs ^J1S'4 jJjIj ^J1mi4^ HI 

:uxu: ALj H 3 O jLUjjjjlJdJlJbASdjIjjSdjlj AJ j!jAj ^SAjajiIwAj ^AjajjU ^Aj .28 


4jtafr4> ^jJZi jj I 




© 


&Jl£4j ^lAj I 




28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 V 

|D| 

l£| 

IS 

H 

m 

H 

H 

m 

|D| 

|D| 

m 

© j 
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i 


ujii 

a 


? 


4fl}b-4j « 4Sj4J 4 4 £l£ ^umIjU 














































42^9-4J 4 4£j4J 4 &A 












































^joJqJjo^ JLou glSLi i^i-sjSo-sLoLi 



.ojojoJj ojojljj- ^4iL>jj pAj Jijl j£jjI> 3 tjiyZ A • ^ zoj 

: j^L) ojojl y>- l£ajLs >j ^aJ jU .1 


H.SO. 

t 

djj ijj 

1A 2 4 

h 2 so 3 


3Jk>£j£ (Ah 

h 2 s 


dj;jjJUU jj 

hcio 4 

•c 

$ 


HCN 

.A 

tlLoLtw JjJjLA 


?cJfjjAj oj<uiJj ^aJL 5»jj jaJ 


h 2 s 


*A»^j^JL| OjOjl(_£AjLi y ^Aj jIaZ 3 

HN0 2 


jjs^ urV ■' 


HBr 


•£_- 

(A^) .J . 

J3j 3^ u ^ ■*■ 


HbP0 4 


CH 3 COOH 


iajo C!ciSc0 4 ^^La^Lma* ( «4 

.f- HlSe04 - 


H 2 Se0 3 


JaTa) d\Z\£ J~& {4* jAj ^JjOjU jlS' aS' a£j c£jlp U? ^^AjITajAj 3 

^5"(Ja^-j 

Hg , Pt , Au , Ag , Cu 

: ^JJJ Lr^ l 5^./ ^ f3*^^ 


-2i4Z( S ) + 6 HN0 3 ( aq > } 


2Al(N0 3 ) Haq) + 3 ff 2(W - 


aS' y Ja^aJ L£®J^r^ . 

_Ca(OH) 2 (aq) + 2 CH 2 COOH( aq ^ -» (CH 2 COO) 2 Ca^ aq ^ + 2H 2 0q^ - 


J 


ASM^Aj ♦ ASjAJ 4 a£l£ ^umIjU 









































4) um4Jj4w bdjljjji 4) jL£4jjj|j b§ jjjjjjlj^ £$lj4J 4J jLuLS^^aS 45j^£ 


ui^.^ 'j J^^A* j 2 **^ <-£jjAj j!5ojljV 4Jry c£ojlI^Sojlj aJ 4jiy ^ajl^ ojlj .c-> 

.0^Jxl>- y ^ISojlSy* 

jL&jljV 4wp ^dj!j£&jLj 4J djjUj bdjIj^S (jSjJuJ 4J jLS4jjjLi ^djUj 4 jl&ytA4J 4wjJ ^jljjj&jLi 4) 4 Sj^£ 


•AjAJuISjIa ^4j 4j tO^So^ viilljlS* JISaSoj AjtiyjlS" Ja£*a) y Jjj .9 

CaC0 3 (,s) + HCl(a^) -* CaCl 2 (aq ) + H 2 0(Z) + C0 2 (g) (a&^UIJ) 



^jqJqJjo^ JLou glSLi ^i^jio^Lolj 

• OjOjly>- ^Aj yAj (^4-^jSjUb Ajjjlj .7 

. HCIO 3 bjlj aJ .t 


* 0(aq) + ^^3 (aq) 






!©J0j0*-\j djOj!y>- (^4j L*4 j .8 

02 LfljlS" c£jjAj jlSojIfc4j 4jiy jS .f 


CaC0 2 ^s) + 2//CZ( a(7 ) 


.A^ AS"" A^lljlS* .t 

CaCZ 2 ( afl ) + ^ 2^(0 + C® 2 {g) 


!<U*JyJ yAj ^<UiJSjLfc AjylS . 

_CaC 0 3(j) + C0 3 ( 2 a q) + 2W(oq) + 2C/,- a(?) * Ca^-, + 2Cl {aq ^ + H z 0 (i) + C 0 2 ($) _ 


CdC0 3 (s) + C0 3(aq) + 2W (tq) + 


4 ^ a (aq) + ^2 ^( 1 ) + ^ 2 ( 5 ) 


(.£jlji ‘Wi******’ ^4j AjjjIj jjAAJb ^ . 


Cl" 




I 


uiii 

a 
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42^9-4J 4 4Sj4J 4 4&L>1 








































CJji*Sijfij j jLiiij GjL> ciJfij J 1 ^ 4 . 4 jJ 3^4) ^1 j4j 

+ 


NH, + OH 


j CwJj 4^J £j4-o ^4^*4J Ij4j*1 j j»^4j Cojjfiili ( JJJmJJjJ ) 4j , (j-u/JL*Jbj4 j ) jj^o4J& 


j 4Ju6i OH |>^4 j XLm j jjJ ( JJd ijj ^ A^bj+JtiAj NdOH <j)ij j1^6J*J&4j 4*i5 J 



^jqJqJjoi JLou glSLi ^i^oiLoU 


(olwi jjtf *j JsiJ ) XLlijjj jJa j Jijs 

. 4j4^& ^jjjjj ( ^JLwm>4j ^Ul jj *£ 4^JJjj U jL ij4^* jJ 

. 4j 4£> I jUI jJ <*£ 4^-JjjIj jL ij4^ ♦ CLflJ 

HC1 + NH 3 


«4j 6 ^ H j L? 6j 0*^-^ ^ 6J li* ^ UL > 3 4^* ^ 


dLp\S 


jl£* 4/pJjj <jJ4j <Lmi jJ ® 

“♦JjJ^JJ^ J-»4 jLo4j :jl^4/pjjjJ (jjjj) 4jtfj5 • 

jJjjjj 4jlji 4 -£i/> .1 
jjjjjj 4 jL»mJ 4_m)jJ «2 


:4j 4£ jLjJjjjj <iJ*U 1 ^j4j ( ^JLwm>4j ^LIIjj *£ j4jLm» jj j4j I jLT4jJpjj«) ciJ^j 4-£)jj ® 

(CH 3 COOH ,HN0 3 , HCI , HN0 2 , HBr)J 6j 


ifc>4j6i ((JN> J J »b U& ) jjJJ^j 1 ^j4j j»*^4j <04-* ^^JL^jj-bU* jl^> &Ju4>j4J& bJU* ^ZijJ ^(2013 — 2012) 


*- HaO + CHoCOO' 


I4j4£ jlujJjjJ (jJ4j <J ^jLj Lmm>4j ^Ll jJ 4$* j4jL£)ijJ j4j I jLT4jjJj^ Cjji ^LmijJ 9 

( H 2 SO 4 )bJfcj ♦ 4 j4J& jLJJjj^j jji ^Ll jj j4jl £jj j4j IJJjJjJ 4jlj^ 4^ij3 .1 

. 6j^Jb ^ 'j4b j 6j*Jb4j ^4^*4 j ISw4^ lOliiijjj jt^J4^ jji 4j 


H 0 SO 4 + HoO-► HS0 4 + H 3 0 


HSO 4 + HoO ~ ► S0 4 -2 + H 3 0 




? 


1 


lijji 

a 


? 


4b£4J « 4Sj4J « ^umIjLj 




















































( H3PO4 )^&J ♦ jLjJjjjj ^Ul jj j4jL£) jJ j4j I4jLmu» <l£ jj .2 


HPO4 

ijjjLodS ) yJLwj ^4 jULJ 4j Cw4Jb ^4 ^jL jdJ , j 15*<bJ jj jjj 5jj 4»£)jj ^5jldJ | 

♦ CuL> d 'JZmfJiibi j 4j4Jb ^Lyjd> (CwJd£ 


>io^ id5*Li‘ dj ^ djlJsjJ ^yj^c^'djLb ^dJb^dJ* ^1^ CH3COOH uL&jujujdj ^ ( 2012 — 2011) 


^yj^c^)Jy>l& dJb^djf «i_Tdj l^dj HCI fO^)4o o^jlc^ ^ djlJjJ <a yj^^«djLib dlU^dT j_yw H3PO4 2 ^ ( 2012 — 2011) 

djUUL) ^J.ibdj djljuj 


uL^o^ qjuc^jIj ^l^dj' ^50^.^ dj HCI |0^d.i t^jLTL qjl)^>L» ^l^d> d> H3PO4 d£j<^ *|°^°^ 


^AjUiuj Oo"> i i*^ 4 ' o*" 9 0">* O °9‘ SJj 99^ O o*" 9 O"-^ O 



^dJqijoi JLou glSLi ^i^o^Loli 


Oli'j»4^ jl^j4Jb 4 j jl£w<U& jj U 15”dJ jli'dJL- 4 jJjU 

-2i -3 


>[po 4 ] 


^_j,AwuCkdjo^ (Qjk^^AiUb) «dS*4j> M^di" dSo IjO jo^ 


: <J *** HC1 + NH 3-^ NH 4 + Cl ^ ^ ^ 2013-2012) 


*di^J JjuuuJ^j ^yAJ djl^c^ jodj jolS' ~ r ( 2013— 2012) 

Qo^^j^dj «-^-»^^ v5>f (^)^jmL<Xj 0^9 >?. (0 o£>*£Jdi ^djwi^dj (^} 

: 0 lTdi^>* ysP d> bbl^oJ> ^>r ^Ju } ,oir ^( 2015 - 2014) 


ol^^odA O vS^ O 


O**^ O 


O 


dlfti' ^>jJbdj dilodJ jdLS" wL&^<^Aaa><^ 9 ^yjj(50^1 ^jlT dj 


C5*j4 


(2015-2014) 


h 3 0 + o 


HPO^O 


h 2 po 4 - o 


H2O 


NHa + H ? 0 


NH^ + OH 


: IjxUjJI^IT fdJ c (2015 - 2014) 

<y">* O <y"> O <y^ O O**^ O 


djijjj' ^djix>dj jotr H3PO4 ^50^1 ^JlTo^U 


^(2017-2016) 


1 


po 4 O 


h 2 po 4 - 1 0 


h 3 po 4 0 


io^T^ dSjii^jU *^dT 1 ^(2018 — 2017) 

V9*“ O u*"^" 0*39^ - -^“99-f O*"' “ -^“999 O 


I O^J J)jJd£> djLodJ }.jo\.i 


£ (2011- 2010) 


y^jiiuU (^) cLSjJLuu)^Aj|Ub vy**>^ C3 cSiCi^^AJUJ^S (^) 


9 i^Li' ^ ^lAdjij ^dwdJ j>jodJd& ^ ,f . i ijlTdAM^J ,^oli 



^Lam 9 <yi? 9 d oM 



O 

. o^>jJ>jJdib dilodJ ^yoli 2 c( 2013 — 2012) 

wSdj^^is^djlA (^) aju><^ 3 ^yu) jS 

O vy**^ O 




I 


1 


ujji 

a 


4 4£j4J 4 4^Jj ^oLi/ljb 
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ujolaljoi JLou glSLi 


diLuuki^o^ jodJ jol S 2 ^(2015- 2014) 

O Lbi-ifo-i ^b bo jlf Q o jjSjJdJ L>oJ> ^^l^dodo (^) 

: o^dj'L5*UjodJ *"xjuojoj ^>LT ^ ,J ^(2016 — 2015) 


QjjLibo <XodJbj<Xj Lib (^) 

l^li dj 


QJdLfeoA^dJb^)<V j OH ^ic^b (^) 

O^OjdAuli (^) 



♦ol^&a Oj^> 4 J j jiij* 


«Ju 4 j 4 «£)<OjLb jJ 4j ci l j jJ> jij ^jjjjIj 4 ^ 4&JJjIj jL 4 JL Oj4^* jL ij 4 ^ «^2ijJ 

♦ Jb 4 j <LM) 4 jjLb JJ ol^&i 4 .J c J ll j jJ> *£>4 j 4 &Jjjlj jL 4 ,Ju i j 4 ^* jL ij 4 ^ J C^flj «4 


nh 3 

+ BF 3 - 

-► BF 3 -NH; 

11 

urts* »•*«* 


'U 

^4*9 la i£jj4i 


.U«j4ji ^gJ L ^jjJb Ub 4^*4*ijj OLTU UmJ jli j^Jb li 

4j uLmj^ uIH j (j J Lj ^^)4jjUb ^Ju4j CyjlIjJu j Cm j 4£> jLb 4 j ^4^4jJu 5j U 4Ju ij4^ b^4j4*3jlj j4Jb 

BF 3 j FeCI 3 j AICI 3 jj>£-J 4 j jj 4 J j cj^juI^ j^jJ jj 


♦ jjjjUli j-tfjJLJbj 4 j j ^jjJ 4 j jjjjftili L^j 4 j 4 j BF 3 j FgCI 3 j AlCl 3 ^l^4^Jjb 

jL JJJ yJLwj ^4 ^jL c^4j4JujU j4,Jb lij4^olj4^4j .CJjJfiili (.^AP^ Ij4j O4>j*o ^4 ^jL ^4j 4Juj(jj4Jb 


♦ CJjJ&ili 4 j Ij4j j jP^J4.J 4j jjj Ju4yo4)j6i 

■ u j CwJj 4 j £j4*o ^4^4j| j4>L* j ^4j CujJ&i&i (j*ujJ) 4j (^jjJ jj^o4Jb ; 

j4^6i jj>^-J4j dLjjJ* 4 J ^jl^Jjj 5 4 j Ag + Jr; j J jw-jj-V;U> ^yjjb 1 


H + + NH, 


NH/ 


Ag + + 2NH 3 


Ag(NH 3 ) 2 


• i >ili*pj> ^g. ' -'-i ^> A j a&F jjJj 


F + BF, 


BF 4 




? 


1 


liJii 

a 


? 


4i^4J « 4£j4J 4 4&bJ ^umIjU 



























































jj 4j j,£jj ^i j»*^4j C^ u jijJ cJ^UIj ^Ijj^w ^j+j4j &£ <L*J ciJ4j5iiLo 


. jj j4Jb jli'Ulj j^*o4Jb ^j<b <i«LjJ^i^Jj JbL& 

♦ Cojj&ili 4j j*ujJ ^4^LlJu CujJfiili dJL^J u 4j jl £<CJL> j jiijJ jj ^4miLmj | 


.ol^6i jU ^4^ 4 J jl^J< uj* j5>.J4j oLTU jl j 4 J j^iL ♦^jjl jbjdJ -J— 

♦ Aj^ryji-o 4 J 4j jb JCL^JJy ^J— 

>1 IjjU j j*uji C**j 6 £ IIj4j H3O Cw^ Uw J ^ (j J Lu JUdv 4«£i4UjLb jlj (iJLul^ : ll — 


£+& cAP 

JJ> 

jjjjjb6JUQ<Ub j4j OH .1 jTjj-bU jiJ^JbdJLod^bjcU H 3 O jL H 




jjjJCSs^iA j dJLujJ> (iJLuy> \Sj^J i J 




^jqJqJjo^ JLou glSLi ^i^jio^Lolj 


. 4^4..mjLLL» ^L>4j jU ij^S 4j OdjL^.^ 


LUIj j*l& ^1jjjru j jSjj ^£<CSjj 


jj xLS dj «Jlx>>ioJ>lJ> qjuu^J <3o djlodJ |oLT 

■ 


0^(2013-2012) 


h 2 oQ 


hciQ 


l ^yLflj d_> dj LodJ jolT 


^( 2014-2013) 


0 ***^ o'y b*: O 
>*>>? o**"?>* O 


Oj^kSlMi ^ 33 ?. , 53^303 O 


IdjUUO^ 


, cr. iJWI A1C1 3 + C1 ' 


A1C1 


4 IMJjJjir ,o<JJ 2c ( 2014- 2013) 


O"****-^ iy*>>» O o**** 1 iy">* O u*"' o 


qaw^I 


-■ 


< 2 u L-lo^joJjlJj Ag 


Ag + + 2NH 3 


Ag(NH 3 ) 2 


t^siJ^irdJ ^(2014-2013) 


O***^ V3*“ O O***^ i3*">* O <53^ -•*"*»» 3jH 13*** O <5^ “•*"**> 3>* o**>* O 


^(2014-2013) 


0**=*^ 03*3.M O 
3 f 3°? 03*?3-?. O 


^)33jJjJdJ (^) 

0 3 >i£Jdi ^ 33 * < 53^303 O 


13^3^ O^ 04 I3*i 


F" + BF 3 


bf 4 


dj d.juu^r ^ Ub jodj 


^s'j 4 


(2016-2015) 


qL^juiu i^dJb dduuuu^^ yjjJu 


} o">* 1 


O*^.^ e^‘ 3 O"^ 


djdA ^diijuw^o^ jodj joir NH3 + H2O ^ ^ NH4 + OH i^dijJ^ir jodj Lu^jodi 

oti??* 4 * O 


O 


3 o">* 


o 


^(2017 - 2016) 


QAW^J ^Ju Q ^y^i' Q ,ju<y*^>dj ^yai' Q 




I 


1 


uiii 

a 


4 4Sj4J 4 &A tgJJuii^li 






































































uJdlaljOi JLou glSLi ^i^jio^Lolj 


+ 1 1 

: <Xj<xJt> ^doUujjo^ |OdJ ,oir NH 3 + H 2 0 < ► NH 4 + OH I^ASiJ^ir ,d 4J 9 U 2i; (2017-2016) 

ok?y>*4> O OvS^ - O 

O 

U"uioJ ^<3oLui»^c> jpd.J joir , 1 —*julj>^ cLSCu Ajdj<Xjuo<^o^Ub bj^-odj cLSCuLT 1 ^(201S— 2017) 

<Xj4j B ^ A ^y> O O 

l 5 ^>J — Aiiioj^ Jiai O 

:4> NH 3 + H NH4 :i^4JiJ < ,lS', d4J ^(2018-2017) 


U7^' O 

82 ^ ( 2-3 > 

J 

V 


2-3 


<lj6j6jl^iw 'ls LAJ J 4 ^ : jL^tUtJjLljlj ^_)jLSLxuj 3 

j A j 4 -^ j-» 

:A^j<J5lj C>A £<^Z6j {( ^yLLjjJ ^-Lft3 j (_£Jjj — Jj_> 

NaOH(5) -* Na + (tf<?) + OH-(tf<?) .i 
HF(ag) + H 2 0(/) ^ F-(«^) + H 3 0+(aq) .o 
H + (^) + NH 3 (aq) ^ NHJ(^) . s 


<vilA_»jj j .j <lj6j6jlj^. ^A^lljl£ .1 

^L> «j4 rL-^4 > A^t ^jL»J ^_» l ^<0 ^l_v^j.Sj 

uW J">* ‘J^J 6 J u>»j>4 

H 2 C0 3 + H 2 0 n HCOj + H 3 0 + 

<vl]4-j^^ Ij \£ j^-A j)-i ^4*\j *2 

uW ‘j4_ui^^j <jLoaJ >-l j 

: c^> 1 c^* OW J">> ‘Uj^ 4 ^ 




A 1 C 1 3 + Cl- 


A 1 C 1 4 - 


. J H 2 O , 4^j 3 J Sj<ui> 4 j jJjjjJ H 2 CO 3 J 

. ji (m ^Aj jj>^4J4j <iJLu Cl ♦ 4**ujJ jJ ,Ol5 *ii j 4 J<*j liJLu4.J AI C1 3 «2 

.Oli'&Jjjj ljUA^6jl^6jb 4J OH NdOH J «3 

jj 8j4^>4j jjJCS*4jjJ> (j J LuJj> j^Lmo4i^ j 4jJjjjj jbj j»4Jb 4^Jjj* 4 *mUjJ ^LAj j ^^USj H 2 O 

.^g ^ )4 j jUb ^ 

6j4j*>*U jjJCS* 4 J Jj> c J jJ jst> JiLnoAJb j 4 j^jJjJ J i J j» 4J& 4^J jJ* 4-<*ujJ j N H 3 ♦ ^ 

♦ ^gi ^ 4, t jljb J j .3 


^Ail^jduldA iljdjjj iUl^JjLiiijJ 


?utadJ jLSA^jjjj ^jLS4b £4 jIj u£ j Jijj ^AmLuj |*L5 .40 


rfWjii 10 JjJ-f © 

Ob'fti ^jlj 

jjjjjj El 






m 


: (jrJHp - JImJJjJ ^faUjJ j 
j4 j dLuj>> 1^1 

uwi><UO (iiLujj> [Ml 


« iSjti t &£ ^umIjLj 


















































^dJuijoi JLou gLSU ^i^jio^Loli 


upi _L W O 

+ 

SuJjJJJlJ Sj^~ btittijjjJ 4 ^ 2 jJ AJ 2 

3 ♦ AjAmaSj^ ^AjI jjL$ a A) .42 


HCI 


h 3 o + GD 


H,Ol 


ci m 




jjjj 


43 


OlS”; J ^jl J m I | |CJ 


i OH 121 


*/j‘j 0 .pj^ 

Cwm><UO jjJC5v.*J 4 j ci-«JjjJ> 


m 


u - NH. + H„0 5 -► NFL + OH 

AjujjjjjIj H 2 O . 3 2 ^ 4 ♦♦ 1 JASoJjl* f*A) ^44 

<A>* [^1 

El 

XLZJjjj ^jJ m j *iji El 


. , HOI ■ 

4J4A 4&d>LSj4lj , 

f nh 3 ► nh 4 + ci tSUimM ^ M 

(JjjJ- XLZjjjj CJ>j - jijJ 151 

jjuLiJ El 

ijJJ, jjjfjStU B ^jJ.^.JbjJu cJj - j $ijj 1^1 



HCI + KOH -► KC1 + H 2 0 . ^ jts 46 

XLZjjjj CJij - ji151 

J-Jji CUj — Jrfijj El 

jUt j} A^£jJ IMI ^ iU ^jbjJJujjf I^J 

tAP^4Z 


®/j 4 j j>a^ ® 

oL^si j jJC$L*J4j 1^1 


ijijtijjjjj El 

C*L*k>Ajb& j <£ cIAj jj> 151 


:^LuJ jLSAujJ jislw.S i£A4/Luj .48 


4jiljli I 


XLZJjjJ LC] 


jJ I 


j <u 


m 


.49 


»Aj»J I 


4 /j»J j 






OH j<L> H dLjj>> 1^1 


: Aj uJjJfilil t ujL&f’AJ6A jjj&JdJ JdjaliU jAj .50 


JZ-&JS! L$ Zaj I 


El I 




m 


uL£d4jL£d) t uluA5oJ AJjjuAjA,£aj$U f Lu£4Aj AluLS .51 


151 


■? 1 


0*iJ^ I 


eAP* m 


:Aj Cujj^b t ulto jjj&dAJ AIo^ ^Ajj::U $Aj .52 




<^Ah El I 


ctAh 


m 


- JImJjjJ 4 ^wjJ Aj AJAj uJjJjjIj Aj djdj!^ ^AjUA) {*!■£ .53 


BF 3 l 2 l 


nh 3 E 


hci m 


AJ LUjJdJlJ jlj 


Ni +2 + nH ? 0 


Ni(H 2 0)n]« ilJ4SiI ^ f4J 


54 


cAh [ 


“ Al&X* cA-* ® 


j-f.jJ’ I 






m 


Ag + + 2NHa -j— 

— 1 — [ AsfNHaA 1 + 

L 1 ^-L llli ^ 

« 

L J :AjAmoSjU ^Aj .55 


jJuULJ 


£ L* j }jj ^.£j J*jJ I 




o-iJ ~ tAP ® 


<u LUjjMlj Ag + 


Ag + + 2NH 3 


[ Ag(NH 3 ) 2 ] 


:^jlS«U 56 





m 






eAH El 


>JjjJ ' 

- XL*Jjj. 


56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 0 

n 

m 

n 

n 

|C| 

n 

|C| 

m 

n 

m 

n 

n 

n 

W 

in 

m 

El j 




I 


1 


UJJl 

a 


4 4^j4j 4 4&L>1 t^ljb 
































































ujqldjoi JLou glSLi ^i^jio^Lolj 




:ojojoJb ^ASUy cb*! * ^iflj 

lOoJb OLJtJj bjU aJ J 3 A**»jyj AJulSjbfc jji .( .1 


-H 2 S0 3(aq) + H 2 0 (1) U 3 0^ + HS0 3(aq) _ 

HS0 3(aq) +H 2 0 (D ^ +50 3( 2 ai?) — 


?olSo.i i AjAj JylS yjjj L5^J^ 


i»ASAJ 


.OjOjA^j Ojjj OaS*A^*Voj ?ol^J jllidj y! ^IdJ OH C.JLfrO^ IjU cA^jA^vbL ( y*J jJ ^jJj . t *2 

AlJiJAj A^AJ$U ^Lu^SuJ $J jjj&jdj <a£u jjlj jU jU AbJjA^ 

ijjj&ddJ uj^ AJ ZuJijJtlttjAu AJ ^jjj&dAJ aSj$£ uLSjj jLtSJj yJ$J a 2Aj ddj *Luu£j>ULfe ^J$jLj 


uluJ Ju J dJAJAJ A^AJjLfe 


. ojOjA^j Ojjj OA$A*V®J ?ol$ojllioj ( J-Jjj y i]oj culioi H + bb cA**bj ^ jJ ^ y 

JuAJ AmAJjU ^ajL^Suj jj uLSjj jjj&Jdj pSuJjj? tfjifMju « aSjjjaI jU jjjlj jU Ab:jAS 
.AUAJAJ AmAJjU ^jLu^SuJ jj ulSj jjj&jAJ lAlaJjyp’ yuJtpdJ A*uJ$J jJ 

L^jtp 0J0jtJ>- e£ASA*£j£jbfc jA^ ^jiS'ojjlj\£ L$J^i a) (S AlJ^j J. L ^ J -> J l£J^ — • ^j^j 3 ^ 

IojOjA^j oa5"a^Voj y J b^b CA^J 

H 2 0(Z) + HN0 3 (^) -* H 3 0 + (a^) + N0 3 (aq) .f 

JjJSyj jjjjjj A$J$£ * AjUjjJ j JLuuJjjJ ^IAj H2O Ai^AJ jjpj^ Aft^* AuJjjJ j ULuJjjJ &&JJ HNO3 


HF(ag) + HS (aq) -> H 2 S (aq) + ¥~(aq) 


Am^aj jjpJjj aSj^ * AaJj^J j JlLmJ jjj H F 


dj£jdj jjjjjj aSj^ * AxJjjJ j JjJtijjj <jlaj HS 


42 ^ AJ « ASjAJ 4 4 &bJ ^Uttljb 


































f o 


iloj jU aS* ^blj j ^jj^ aSojI^ djlj a! H 2 C0 3 ^^jjU ^a5a> <^AJiJSjU .5 .4 

J ^JJ^~jy. (^'y JaJ ^IS* CCL £0$ ^Jaj j^jI^jAj H 2 C0 3 a! ^jy>rjj Jjlfc ^yjjU JaSa) 

.OjOjaSsj jjjj OaSa»Voj ?Aj (_£j^J ^liJ 


H2C0 3(aq) 4- H 2 0 (1) H 3 0( aq) 4- HC0 3(aq) 


Am^AJ jjpjjj A&J4 AuJjj^ j JlLuJJjJ <^mjJ H2CO3 

djiyj jjpjjj 45 j^ 4 AaJjjJ j JlLmJjjJ H 2 O 

iSdj jU aS” Ij UojjAA H 2 C0 3 l£JJ-~ 1> (^Seijis' a! jjjIOjAj ^jjU jj A-mjjJJ ^jjIj j*0jj.3 (^AjtjSjl* .Vi 

jaI j»lS" vojaSoj^; IJjAj Aj HC0 3 a! A^>*jjJjIa Aj CL^Jo.3 j olSo.3 jLiaIj 1 !ajij^^S sSslJjlS" 

OjOjA^o jjjj OaSa/^OJ jLais' j Ajj^J— 


HC0 3(aq) 4- H 2 0 (1) 4- CC^^ 


Am^AJ jjpJjJ A 5 jj £4 ^mjJ HCO 3 

djS^j jjjjjj A5 jj^ 4 AuJjjJ j JlZjjjj a 2aj H 2 O 

?( H 2 C0 3 i3oj) ^ clS^Aa: Oj^j <_£A>o:oli jAj .£ 

jj* 

BC1 3 lSaiTjU a! ojb (jo (5 c^aS'ojLJ aLojaS* B ) Ojjjj c£aJLoja? j jjo:> Oj^SCJaj Ojj^r JjAss- . f S 

__ jjj&dAJ UJj? iyM 

NF 3 (j*Zj\j a) ojb iji ( 7 <_S45ojUj aL.jjA? t N) OUj*-j^oU <_saLoja? JUa?r- . v_^ 

jjj&dAJ uj^ jl^ 



^jcdqijoi JLou glSLi 0 j.ij 5 o.*LoIj 


(J J* viLljlS' 1:1 Jojlj Aj J^J.b Ij cA^jjJj jj^Jj (^AjAIjjIj jj^ jAj j!jy L ^lljlS' JAJlJZ jlfc 

. ^AAjAj i3fij 


BCL+NF * 


■4 CLB-NF , 


J^^SsSv-Jj 15” ja> LL ?cu-jo^ oL»lS' cIJ-aL-ajaJ oja^L AjLjA)jbb N j B ^y-jblj 

.OJOjaSsJ (jjjj OASAaVdJ ?A*Jj^j—JJLJLJ j^j 

j»V4J ^jLu^SoJ jJ 4uJjJ BCI 3 

Uhti^AJlj jJJJjJ ASjj^4 4 >U j JlLmJJjJ 

.OJOjaSo Ojjj OaSaa'Joj ?A^ojJ j^_^ScJjlS' •ir .A 

j Al^jjulJ ^4b^j4^ jA^Ai ^mAJjUU ^Jj>SaJ4J Ujj? A5 j 4 4mJ ji NF 3 

.-U4J AmAJ jU ^jLu^SoJ jj ul&AJtl 




I 


uiii 

a 


f 


4 4j4j 4 ^Ijb 



































ujaloljoi JLou glSLi 


is-* 

£ griji (jdlSdS JjIS 


HF (aq) + H 2 0 ^ 


.,Jjji- XLiujji j«»J*SW jjSjjJ J 6 J J-'L C+mjjS A&ijjjL jL ijA$ t j&j3 

► F 


h 3 o+ 


J> J» 3®J*« 


HF (aq) + H 2 0 


j^VaJ jjSjj- 

-► F + 


jiL mij Cwjjj a&JJjL jL ij^S" J £d£ ^JbjUb 


H 3 o + 


jij3 


C«U JO^IJ 


,jb djuu^dj Qcjc^j <X£j ^5^b^ djUwo^o^ jodJ wlSjuum^o^ izS'djojj^j.S’j<\Jb jj o^o^l^L ^dSJJjlS’ jodj 2 ^ ( 2011 — 2010) 


H 2 C0 3 + H,0: 


HCO, + H,0 


■ 4jju ^)b 4 mijJ . )S oy>?. 


■1** 


dj£> JO , djUUCkdj ^JJOJJO 

h 2 co 3 

• 

difti' , ojXjo^ ,jjjjo 

h 2 o 

• 

d.Aiii Jojlfe 

hco 3 ‘ 

• 

d*AlJO Jojlfe 

+ 

0 

no 

X 

• 

:dj«djo^Lo ^<Xj jjwjo JojUb 

2 ^( 2014-2013) 


iS°^ O^k O 

^jiib ^) 


uul^o^ ypj'pjj »" vft» ^o^dj ^jwb (^) 

l5>^ 0 >> 9 >?. <J">* lS 0 9 ^ <J" L * O 


HF + HPO d 2 


r 1 " ■ TT p^\ 

~ 4 L-ijl^cj^To^ dJjJjlT jodo o^l^djjLoo^ |oLT ^( 2014- 2013) 


djua^j HPO 4 ^ <xjju Jo^bb F djifti' Jo^bb H 2 PO 4 (^) djifti' HF 


OH l^do HCO3- + H2O ^ ^ H2CO3 + OH dJjJjlT jodj 


^(2017 - 2016) 


)1}V O 


Aiii- O 


O ^jJ^SLodj (^) 




*0 


♦ 4j4-fc CJ& j jiy Ojj> jji ,,Jjji j jSijJ jlX<J J 

♦jJ|jLj> jX<u4j jjjjjj L^j<g <*X ^)&jL& j ' 

Ckij) jL <uij (JijLfc j ajIj jX4 jjjj> 3®J^ J 

CN + H 3 0 + - ► HoO + HCN „ , . ir . „ r . V, , 

J z 4£i ^b^ *Sdj\S jodi ^ilTdi^ Jo^Ub c ( 2012-2011) 

h 3 0 + , h 2 o 

0 

CN' , HCNO 


^5^ Jo 9 U dju 3> ^ ,D«JJ joLT ^* , ( 2013 - 2012) 

SO4 2 , H 2 S0 4 O C/V-, HCN 

0 

nh 4 + , nh 2 0 0H-, h 3 o + O 


dib'^> jodJ jolX 2 ^( 2013- 2012) 

SO4 2 , H 2 S0 4 Q Cl~ , HCl 

0 

NHf , NH 2 O OH-, H + O 


>9^ jo^lib d> i5djlodJ jolX ^ ,J< ^(2016 - 2015) 

50 4 - 2 , H 2 S0 4 O OH- , H 2 0 

0 

nh 4 + , nh 2 Q oh-, H + O 




? 


1 


liJil 

a 


? 


« 4£j 4J « 4&L>1 ^UttljU 

















































































^jqJqJjo^ JLou glSLi 0 j.*j 5 o.*Lolj 


.AjjJJjJ jbj 4^JOli' i£ 5j cXflj ciJij C *i j JfijUb j Sj<Lm1>4j 4,^JOl£*5i jLiifij jJ ciJfij jjlijJ JjjUb 

♦ 4^j j*4^( H <^4 j Clij 3^jU j4^ 4j 6j j<Uo 6j4i*( H J^jJjjJ ijJdj j*i3*J^ CT>J ^ | 

♦ H30 + J <ui>^ H 2 O JtjLi* f OH il H 2 O 



(^Pi^ LS^Jj'S L$Jjj fi J^ 
♦*JJJ LS^Jj'S L$JJJ fi J^ 

♦*jjj utlPI/?. ijh r * 4 ! ^jjj 5 j^ 


j 

Aj 4^ 4-fijLfc , 6JJJ 4^ ^l£>4j ijJ 

Aj 4^ ,4-04^ ^yJjj^j ^jjjfijb 4^ ^jJ U l 

Aj 4^ J4^4}ftjU ,6jjjj ^yjjJ^J Jjjjijb 4^ jl*4j ^IAj 

Aj 4^ j4^4}ijU , 4^)4^ ^JjjjJ ^jfjbj JjjjijU 4^ Jl^u ^-^Aj 


HC1 + H 2 0 

jJb4) ^g«iijj CUM 


► Cl" + h 3 o + 

3*3* O-'J 5 


HCIO4 + h 2 o 

j*&<M v5 <£f ji" 


CIO4- + h 3 o + 


jV* CS-" 



^ u*y 


Jj| jjU jL&^LT 4^J,UJ(j 4j|j4 *£ 4&Jjl^ Ij4j j4^j dUjli* jl ^>22Ju j jlIjV jJ jd£ 4j 


^*^4J (jJLJjl^ 6j ♦ 6J*J&4 j ^taAj j jijJ j»4j ^*o4J&j4j ^6j4j j4j 4)) *jJjJjJ ^Ju J^J 6 J J Ji J^^j 4j 

=^ CH 3 COO‘ + h 3 o + 


ch 3 cooh + h 2 o 

3^ O-y 3*3* 



j*<b4> tlS 4iy 


,4.-04^ ^jJJjJ ^jjjfijb 4 ^Aj 4^ ^4^ 4}fijljb , fij j j ^jJJjJ ^^^>4^ ^jjjfijU 4^ JlA>4j 


4od4b ^sjlXaai^o^ ^ HS HS + H 2 0 ^ ^ H 2 S + OH d^jj^ir jodj 


^(2017 - 2016) 




O 


iyi*>i' O 


o 


)\)'H t/iy O 


4^^4J 4 4£j4J 4 4^Jj ^oLi/ljb 

*r V 


























































ujaloljoi JLou glSLi ^i^jio^Lolj 


V ^ 50^1 JjS O^U dj QJJJJ Q*'/J jjJbdj 

NHi O H 2 0 O 


ls'j 4 


(2016-2015) 


NH 3 0 


CJjJ ^ &•> jIj4j 4,j Jj *Gu& jjh*-o4J& Cyj jj jj CmjI j»4Jb jlj *£ O>j4^jii jL©J^ 6 j4>j4«»j ^1$*4^jJjl^ 4 J 


*(^uJ.Lo4j) jji 5 i Ol^j cillJjL^ Cub j jijj <J&j CwljL 4j6aiLoj4j& I (^jguj^LodJ) 

jL (jJLiJjjjjj ci J LL>j^L o4j ^£jJjLo4j < L*JujJ jl^4jjJpjjj 6ijj 4 *j jj j4j^^ o4Jbj4j 4.J 4 jJjL> jj^o4Jb | 

♦ (//5* , HCO^ , HSO^ , H 2 P0/± , HP O 4 ^ 


tf 3 0 + O 


co 3 - 2 O 


^ <Xj Lo<XJ joLT 

hco 3 - O 


^(2013-2012) 


h 2 co 3 Q 


^j>dl jj 4J <iJLul^ »ol^6i jl^jij Cu& cJij Ij 4 j , ^ j£>&J jLjLT < - £j>4j jj 4J <iJLul^ jU I 


^Siji ciJij lj^> , ^jJ v < j 

♦ Cuj4j6ij&i ^£>jjJjL& jb ^4^ 4 J ^J*J&4j4j ^JuljJuLb J 

CaH 2 + 2H 2 0 -► Ca(OH) 2 + 2H 2 

IjblS*4Uij4jf ^Cujb^J -OH 

^Jju 4j j ijAJjjjbi jlj4j 4^J^> .^£j>jjiu*A5 jL j&jj 4j jjj jjIjjii 4j|jL*j ~ OH ^4jb ij4^ *CujU j4j 

. jJ*>4jJi ^w>JjJuLb j ^Ss^jbi ij J L u H-0 jlIj-J 

uo^ ^jLj 4 »>.£L. j jj Ij4j U J J^jjj Jj ^JaSjZjaS bJud>jdJb , 4j I JCu—OH 4^* ^4jL ij4^ *Cujlj j4j 

♦ jj ^ jJLj i j <i£ 4^Jjj* 

—OH J4}4.-oJ^ 4.J Ji^.-04^ 

♦ iLj J4^4jjbj4-M A -04J> 

vibu jj jwLyjb j job*^ H-0 jl 

• A |b 


a oh 

S** 1 -* cr-.H 


OC1 OH 

jjjj^ LT^J 3 


OC1 OH 
O 

4*j>£ ^ j 3 


o 

OC1 OH 
O 

j j jj tr"jj 


O^J 3 <S 3 i-» ^-*J>iJJ j 


Idj QJLi Qjl^j'o^ dolJjJ OH dJT ^dolj ±jdS dju^li ydj 


^(2015- 2014) 


(5jjJ^aa4j vjb 


O 


> " V Q V (^) (^) 

cS Jjto* O^J 5 

Cr(OH) 2 <^ Cr(OH) 3 <^ H 2 Cr0 4 

3 cs jLT<d}^j<tr (^ojUj ^331 jjj iS3A4> 


0 ">* 




4i^4J « 4£j4J 4 4&bJ ^umIjU 
































































5j<0*15*Si i^jJlj i j4j ijL-o jjj j»ijji ^*Jb i j dSZj> djdjb ^'JZmZijj 7 d£'j+*> jj 


6jJj lj*i »j5 j 4*J ^JdJu Sjd£ j*6jji ^JjjUwU .Ol^6i jlj*i J CN^JJ-V.^ jfJ 




Idmi> qj^J^> jJb<X.> dolodj jol S ^ ,J *( 2014— 2013) 

HCI 03 0 

hcio 2 0 

HCIO O HCIO 4 O 


. <X&j J99J joj&jjj yjLjjJb j djMjj.* Lifter jjj j jjjjlf j ydSjjjSS) ^iLTdjuo jj ^LuajkT ^T^jlmi lc ( 2012— 2011) 

W^d cJbj^JLS" dbgXf JJ 

HC10 2 < HCIO 3 < HCIO 4 


3 ^1*41)^43* t^ejUj v53*4j cs^JiUS-j 



^dJuijoi JLou glSLi oi^jSo^loli 


9 $ 

H h C ()H CH 3 COOH < i ) 


r*°? 


jL ^jj l«^ ^^»l> 6jL«^jjjuU j j*3t^Jj-V.^ jt j-Z 

► 2H 2 0 

J C+a Z j j+i jj (^zJj\£ dj jj j ^zS jl^ j\S 9 


.CZJ&Zu (^JLLm) jj ^JjUIj j CZj ^yjjbli' j£Sdj dj d£ dj U (a ^4j<Cujb ♦ 


+ H 3° + (aq) 


HCl( aq) + NaOH (aq) 

j*** ^s-iji j*** ^sS 


NaCl( aq ) + H 2 0 (1) 

lS*> 3* 


4jjjUb j2»^J 


NaOH 

Na + 

CH3COOH 

CH3COO" 

CH 3 COONa 

NH4OH 

HBr 

NH 4 Br 

nh 4 + 

Br 


Ca(OH) 2 

2 HCI 

CaCI 2 

Ca 2+ 

2 Cl 


Ca(OH) 2 

2HN0 3 

Ca(N0 3 ) 2 

Ca 2+ 

2 NO3' 





I 



ujji 

a 


4 4j4J 4 4lb$ ^oLi/ljb 

*r V 































































NO , ) yl^ftjl^ 4 j yjy ^J^b^J j*Jj4j ♦t^LyAj yljL ft jJ Lj ^yLy * J* i^ftilj 4j4jIjL j4j :^\j\—J AJ2»jJ 

♦ j *>jJ y L-^Sw J jljL 6 jIj 4 J jLftj4j| ly ftj ( N O 2 f CO 2 SO 3 


Jj lift 1 yJ »^4j ftj4jjjifti jLfl^ftj^jj4**> 4 jJjL> j y 4 j ^JtL$*S jUb 4 jJjIj ^£y jji ^ftljr^ftjlj 4jiyl£* <*J j»ftjji ^ JU4j 
6j4Jjjjifti jl^ftj4^y4-yj 4 jJj(j J y*4j j\jb 4jJj(j jljjli* j yjJ jlyJ jL Cub j yy jlyJ 


<*J Jjfti yjy 4 jJj U> .jlj j ftjljj ^ Jyjylb^^J <^JJb 4 GG j ^ Ccflj j yy j IyJ 4J 


^y i.».»ii^. < X»w y> ft' ju «L> j ^►JyjjJjl^ ^y 4 j Jj Ij ywJ4j 4 jJjIj j ftijjjUb jj J Lu ftjlIjj *Luy> ^y 1^4 jJj U 

* jb ij<o jji 

H 3 0 + + OH -»- 2H 2 0 



uJdlaljOi JLou glSLi ^i^jioilolj 


jljL 4yy yI ijjj ^J^ 4GyU Ij 4^ ^yy-w^Jj 


:^IjL*Aj3 

) (■^b'ftjUjU^ 3 ^►U^fti ^ ^yjbo ^y boLuJ 1^1 

♦jlS’ftjlybli ftj4^j<u ^j4-0j4-0 j jI^aGI^aJL yljyli A 





^yflj j (iJbjjiSjj JbUb ^yiy jlyJ Jj y> j 1^ ftj y 4 «u 4jJjIj j y^ jLb 4jJjIj j 

5j» J*-<*lljJj ^ JJ Jm> l^b 


KCl (aq) + H 2 O a) 


( K f Cl ) J O&J* j [£ ijd £dJjjU 


► 2H 2 0 


< y 4 j ^<L+*S jLb 4jJjIj 

^ jj Jj U ^Gflj j dLjji-jji ^yiy jlyJ jLT Jj j l^ ftj 4^ jJ 4jJjLj j ^y 4 j jLb 4jJjIj 




H^O + + OH 


Na 3 P0 4 ( aq ) + 3H 2 0(!) 

( Ncl~*~ , P0 4 3 ) <J jl^ftj4^y<Uo 4 jJjLj 

2H 2 0 ^y<!U jLb 4jJjIj 


Ij4j ♦ (Olfc db ftjly 4j ^ 4j!j) j(j j ftjly J^y yjy IJj4j ^J-fc ftjy 4j cXflJ j yy j I y jlT j4^ 4j 


♦ < y 4 j 4jJjU 4yftft Jum^ jjjb j CyL 4 jJjIj 




? 





lijji 

a 


? 


« 4Sj4J « 4 £u1 JumIjU 
































I ££'^ j jSi jj jAj jl jg> jl £bjd£jjAm*j dJjjlj j ^jAj jL& dJjjU 


BaS0 4 ( s ) + 2H 2 0(i) ^XmS *&£** 


Jj£ jj<Uo 4jjjb J ijlJJ J <Ci y ciJ^b* ^Ijjli" j j2>jJ j I<J 

4jJjIj J uH j M j4^jJ<Lm» Ij 4 J dJcJjiS' ^J6 jLo ij ( dSbjljj 4j ljj>) jJ 4*JLwj *£jL <U CcJ^ 

.4.J ^ 4 i£l$*jUb 

^IjjL^ j cL j jJl^JjJuL& jj jl jL J jj ju> jl^ijA^jj<L wj 4jJjIj j ^4j jL& 4jJjIj 


ZnCl 2 ( aq) + H 2 ( g ) 


► Zn +2 + H 2 + 2H 2 0 



^dJqijoi JLou glSLi 0 j.&jSo.»LoIj 


BaS0 4 |>jjjL 


mS ^^yLTj Lb 

Zn +2 + 2C1' + H 2 + 2H 2 0 ^<*^3** **>«* 


^j'4» t£4«w<Sjlfc 4jj)U 


J cr"> OUr* M jl £bjdSjjA**) j ^j4j jUb <*jJjIj 


. > J ~~AjS 4j 


Al 2 (S0 4 )3 (aq) +3H 2 ( g ) s£4JmS}\*4S&ii 

2A1 +3 + 3S0 4 ‘ 2 + 3H 2 + 6H 2 0 vS^i* **!* 
2A1 +3 + 3H 2 + 6H 2 0 ^44* 4>3 j>U 


I dJ djub^j Al($) ~^" ^2^^4(aq) ^^SuJ^LT dJ (^1 Jjui>djlj)^dJjj>djuo 


h 3 oo Ar,soro 


A1 + H 2 SO 


djcu^jL) dSjJ/r jodj ^yd> ^djuuui'^U ^ djJujLT^Ub df^juJi 2 ^ (2012 — 2011) 


didib jo^ O^O^djUU dJ : |<3 




| 017 - 2016 » in 

a 


42^4j 4 4S>iS 4 4£u 1 ^oLi/ljb 












































ujaloljoi JLou glSLi ^i^o^Loli 


89 2 ( 3-3 ) 


^A_j jj J j 6”3 A_i 24 ik. Ajlj^j .1 

ftj&jlji*. ^A \1 ~ a~ — Ju ^ ^A_j ^L£<U^j l_4 ^j&.a<umj l_A . 1 

:A^_i JjjljA_> ^gA^A ~i ft"> jj J 4 _)A ^Vs j L_a 

:<s ^-»jljA^ 

(_£A_jljAjaJij (jLj^jljAjLiAjlj <AJLujIjLj f\£ <A^_> .0 

H 2 C 0 3 + Sr(OH) 2 -* .i 

.Cj1>6J jjjLj 

HC 10 4 + NaOH ^ o 


HBr + Ba(OH) 2 ^ 

v 

NaHC 0 3 + H 2 S 0 4 ^ .j 

1-k.^jj A_L>Jja£ (jj^- : jl ^4 1 i v »j<Ujj 4_lj.U6JJ_> 3 

—OH ^<Ja_oj^ vJa-jAJLjjLj 

j <jljj-> c^6j6jlj^. ^AjaJiA^jLa ^Aj .2 


iaojjU 


ch 3 cooh + h 2 o ^ ch 3 coo- + h 3 o + 


H 2 C0 3 + Sr(OH) 2 -► SrC0 3 + 2H 2 0 .} 1 

HC10 4 + NaOH -► NaC10 4 + H 2 0 :o 

2HBr + Ba(OH) 2 -► BaBr 2 + 2H 2 0 . 

2NaHC0 3 + H 2 S0 4 -► Na 2 S0 4 + 2H 2 0 + 2C0 2 . 

.j\s J CH 3 COO' j CH 3 COOH J j > H 3 0 + :f .2 


CH3COOH + h 2 o^ 

jijV jiji jij'i ^a 


CH3COO + h 3 o + 

CM 



y jL 4j| j4j»LL i ♦cJ 

jJ jyjjj 4^J y> Cto J ^j jJ*Lj ^4^ Jj Ij4j ul * Jjjjj dj. jJ ijdj SjjS i Jj 4j*j4Jb 3 

H- jl^-J J iLj J4^4jjlaj4**w04.> j^JUoJU —OH <J jj>£-J4j JJJb4^u6i 

. jl5w <jJLu j*> Cwj^ JwL^U j u Lo j jj j IjV 0 




liJJl 

a 


4i^4J ♦ 4Sj4J ♦ a£l£ ^umIjU 





































l^aJdiuldA iijdjuj iiil^djUu 


$b JuuvJjjJ £ ( 1 ••**- 4 ) ^SuJjLS 41 ul£d^ i^jlJUu^ 45 &JjA,s* 4j^#$U (L44^~ j2jJ )^jj^ j4j *61 


c«ij* <J jji £1 jj'Lj c*Ju <J cbJ 


l£l 


j»jjj ju Ljfe ^JjjU |C| 



^jqJqJjo^ JLou glSLi ^i^jio^Lolj 


:45 4Jd44U j4j u4j JdjLj .57 


Obii ci-Jjjj^j CUj j 4 j jiL 1^1 
Cw&JJjAj ,jijj j jjjjj'iU ® 


: 45 j4j j^jJ J^L- .58 


OliJi ci-Jjj'j^j CUj ^£5 j 4 j jiL 1^1 
{jj ^ ^ U LLaa J ,Olbsi jj (iJbjjjjjj jijj <^Sj 4 j jib l^J 


;4j4a4j utad4 d^ujjjjj bloLS a^Lulaa: 45 jAjduLt $4 j .59 


J-LH 


^ 6 jb I 


1 fob HI 


4j4«4j uLSdJ dijjjjjj dlldJ btuLS uljdjj Jj4j 4S j4j .60 


b-LH 


^ 6 jb I 


? 3>jb HI 


b*L> 


,© 


4j 4& ^4aAJ ^uuS ^4Jd£»uu4J j£jJ t b (udJ - ) ^djL£ 41 .62 


LKL * 1 


JLatiS C*d& <J ( 




© 


?ubd4 jL£4I4j j Jujj J^jLj 4j £4jIj 4$ 4jLuj j Jip j4j bifkjH .63 


I 




© 


A) jjljLo- >£4 j 41 J^U t£ (u£j — Jip) S&3& a jLS4.u^Saj .64 


■Lio^jjjL) Ufa ^£ujjb I 


jb bb ij<i£ m 


4 ^ v. . ^ HF^ an \ 

x AJtodJ UAJ - JtijJ ^JdjU v 47 

+ h 2 o 

—- ^ F" 

+ H3 ° + ^ji^aj jy? 


H 3 0 + jHF© H 3 0 + jH 2 0 © 


h 3 o + jF'E 

h 2 0jHF m 

4 * - v. . - HF^ an \ 

X AjfoAj UOJ — Jmj J 4^JdjU V 47 

+ h 2 o 

—- F" 

+ H3 ° + ^jISAJ m 



HF jF © 


HF j H2O I 


h 2 o jF - © 


4 J<U<U NH3 ^MptbjL* 


HCIO, + NH, 


NH 4 + + CIO3- 


,-£>M*AJ .67 


nh 4 + © 


CIOs' 


HCIOs© 


AjA^Aj HCIO3 ^AAJ 


HCIO, + NH, 


NH 4 + + CIO3- 


,.&M*AJ .68 


jj^aOJb I 


NHs © 


CI 0 3 


NH/© 


AjAqAj CH3COO j2^J 


CH3COOH + h 2 o 


-► H30 + CH3C00 


,.&M*AJ .69 


JJ Ml ■ ' 


CH3COOH © 


H,Ol 


H 3 0 + © 


:<U<UAJ H 3 0 + CH 3 COOH + H 2 0=^ H 3 O + CH 3 COO 


70 




CH3COOH © 


H, 0 l 


ch 3 coo'|a| 


AaAj j4^ u^j .71 






HI 


71 

70 

69 

68 

67 

66 

65 

64 

63 

62 

61 

60 

59 

58 

57 V 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© J 




I 


1 


uiii 

a 


4 4j4j 4 4lb1 ^Ijb 





































































jbj JjJJjJ l^J jli jJpjjJ jf C*b6i j*A^ JJPJbj M £+£>* jjj B jli jjjjjj c^»i jjj m 


: ( I ) ub joAAJ ^SyLwjJ ( HI )j4^4J t 


:( HCIO 3 ) lj<G uL jljV ( CIO 3 " t)^4j ,hcio 3 + nh 3 

^^3 0 jife LS z&> © 



uJdlaljOi JLou glSLi ^i^jioilolj 


:uhd4 <U4j jl&4J &ujJ .72 




it* 4 -? c$AP’ 


m 


tujJti toAj ^d$U .73 


J^£>*L> I 


it* 4 -? cs^-H 


m 


:LuJd4 4«4J ji^LJ (jtijJ ^a$U , 74 


J*.£><L> I 


it* *4 C$AP* 


m 


:^J jASAJ LMJ64 jljV U4J .75 




jjl/i jli jijjij I 


^JJJ J (i aRsi* 


m 


^jjJdjLj i4S4J^U t uLjjj jj d<u>:;U .76 


HI + HoO 


I + HoO 


: ta4j4Mu£jl^ j»4) .77 




Jt* 4 ^ 


m 


CHaCOOH + H 9 0 


CHaCOO + HaO 


: ta4J4ttu£$L& .78 


J*.Jb<L> ^LOj I 


it* "4 


m 


NH 4 + + CIO 3 - :»^ASiSiLi i . < U ; 

ji{b<u ^uij IS ji(b^ 1AJ 


79 


tddj uLSj; jUfldj t ( .80 


Cu b Ljaj I 


b*> 




: IjAj t uLSb jUfldj U4J jb Jip cb$ u-utp^ 4£ jAj .81 


AjjyjJLadJ ^tUbii l-o E 


^ J-> c^H 


m 


?4J£J£A«4j ^SAJd^U djdj!^- ^AjUAI A£ .82 


hso 4 " ED 


H + I 


so 4 2 m 


$4J£J£A«4j djd>!^ i£4jU41 aLS .83 


H 3 PO 4 ED 


hpcv 


H + m 


^<UjnJ^44<U ^SajjjjU ^<uU<U |>LS ,84 


H,Ol 


H 3 0 + I1I 


£>jdJ <U uu2udJLf4A ( HSO 4 ) ^jjjb t 


HS0 4 + HoO 


2 w -«- 


-► S0 4 + HoO 


: ta4J4ttu£jb .85 


4jlJ jAjU ^Jjjb I 


; m 


d«j( H 2 PO 4 IjjijjLj , 


h 3 po 4 + h 2 o ^ > h 2 po 4 + h 3 o 


i .86 


SjbjAjU ^jjb I 


; m 


$4j ^ jji^j L ^aSjU .87 


Cub ijJbj J jijJ uJsJ <U4iiL« )j£j[.'jjbj 1^1 

#jU ^gji.j‘1 j ^Jjb j ^Jjb 

4j l£j> J ^Jjb J ^Jjb jli" [C] 

jb <LJ J^>jjJj\^> I2J 


87 

86 

85 

84 

83 

82 

81 

80 

79 

78 

77 

76 

75 

74 

73 

72 V 

H 

m 

l£| 

H 

H 

l£| 

© 

l£| 



l£| 

m 

© 

n 

m 

© J 




? 


1 


U Jill 

a 


? 


4 4Sj4J 4 o-uwljb 




























































(o 


0 jqJqJj 0l » JLou gLSLi ^i^jio^Loli 



JU^J jjjj ^ jAJ .88 

H3P04IS 

Ca(OH) 2 © HNOall 

h 2 o IS 


$j 2 jj jii 4aJ & J Lj <LA£ talj 4 ^ ^ ^djb t djdj!^^ .89 

NOJ 

co 2 © o 2 IS 

NO IS 


: AU£<U ,uL%)LS jJd^AJ jiijj ^SydjLS JJO 

jLx.jb |D| 

cj.j.^0 ^uB 


*u>£ $ Jijj ddj uLS;: £)Ljj j4j <j% .91 

.ol^si jjLo ol^si cibJjlS* Ja^aJ a 5 * ^ACij jL joy jAj ,^£yjfeAo , jjjCji-oAo *us^L oj4.£> jjlciftj (^ 


. jljb AmjJ 4xua: jb^JjLw^uUj idjdJUSLi 44Aj .92 

A^* jojj AySi j &jAJby&i jl^&jjAJb ^jL aJ , jA^&i I Jo Ao NO2 J SO2 jl^AjjLoACLu 6 ij^ (^1 



.jjLfti ji4j jL jljL (Jftj 



H 2 0 ( i) + S 0 3(g) 


h 2 so 4(1) > 


; jljbAiwjJ jj AjuJ LS<U AJAfaLSjLA ,>4 j .93 


jAj bjdJmJ Jjbi IAJIS^JJJA^ ^jL^ J bj AC o 6 ij^Kj l^ljAn&Aj J Cw O b $ I Jm> > I Aj Aj j LmJ AjtoalO Aj ^^ ^ J L^mS L^»WJ LS^ 

)bj jt Lm> AJujL&i j3<b jL jljL ^b^Luit b A^* Co i CLj jj 




I 


ujji 

a 


f 


42^9-4J 4 4Sj4J 4 4&L>1 yCCljb 

*r V 




























































ujolaijoi JLou glSLi ^i^jio^Lolj 




IojOjoJu ojojlj?- (jtiLtjj 1^**2Oj * &JJ^ 

: c^ij— J*J <S jjj c£<u*LL ^jk ** °J° J oJj - °J° j, ^'Joj .1 

h 2 so 3 ^doju . (- hs ° 3 ~ — 

^NH+^SojU .v- 


?<Uo5- H2O ■ 

?4^*55- H 2 O .i ■ 

?a^ HAsO^ 2 ^>3ojU . 


OH 
H 3 0 + 
H 2 ASO 4 


c 1 O 


lojl T> ij L5^ d J 0 J^ ^ {*•>. 4^4*** O<63jiff jAj .2 

NH+(a$) + C0 2 -(^)^NH 3 (^) + HCO^) 

jij c 2 ^^Llfcjl^AjAj tA^j (_£jlp y ^aSo^L* ^»LL 4 1 <US»jj HN^ jA^4 j .1 

. jlSoL" — J*J> J®jIj y. t 2 

_o 2 U4J 


HC 03 

NHL 


2 <Ah 


. OjOjA^J jjjj IJJlSojj.5^S3jl£o.^L* jljJj a! OjJJjJ (_£fijAjljjJ £ (^Al^ljU .0 ■ 


udJ $J JijJ 4i 


|AjAJb cl^O^OjIj^>- (^AjAJwJ^jLk ^4j *3 


HCOj(^) + OH-(0tf)^CO 2 -(tf4) + H 2 0(/) 

.A^j (^jb^ I^AaJLu^m-*/ ^aJ (JdjU — Oj jj) Ajjj^* .1 

1 M4J CO 3 2 J 1 jijJ HCO 3 

u£j 2 OH j 2 Jip H 2 O 

.0 jjjlj AjljAl^lj ^^sJLIjIS" c6jjJlJj (^A^AJLlSjlfc aJ IojOjOJj L^^6aj 

AJ HCQ 3 ~jj^^ uL&j yfaUt^JlJ H 2 O *$ H 2 O <U ^Jj.aA4J HCO 3 Ajjfrg 

Ai OH JaSaJ uL5j ^Sj-uuj uujI^jU C0 3 ~ 2 CO 3 2 ^ 6 >Jjyft4j OH l^jjAA*jjpjjj 

JJHi* <A&*J 



« 4SjAj 4 4&J; ^Uttljb 



































H2S0 4(aq) 4- 2 NaOH( aq ^ 


.A^j ^jIS”o ^ a£""^j Auj Ai jjlj .imJ - 

*-A> JJ <S°jiJ a]j-« cOl^ojlS" Aj jbojj^,/^lT jj^AA jS"U - 

?oJjA^r 



^jqJqJjo^ JLou glSLi 0 j.ij3o.*LoIj 


^aJ a£a>jA A> aJ j^jIJUAj ^y^ .4 

dijjjjLvji y JaTa] ^J^^s5"jjJjUb .f-- 

.jJjiU JaTa) ^JU-^jJbU .V_ Ca ^ N ° 2 ) 2 


^jjjb (^wU^SjjJjLa JaSaJ I»iil4 j^jjJJj l& . 

. tj, wL^^w"U Ja^aJ ^ aS>^ - 


BaBr 2 


U 2 S 04 


IAjAA O0j0jl^>* (^AjjjddSjlfc (_£A^j A*»j Lfc U A*isl5jUb ^Aj .5 

H 2 S0 4 (^) + NaOH(< 2 <?) -* Na^O^ag) + H 2 0(/) 

!a^j La aS'aJuIS^La .( 


"* Na 2 S0 4(aq) 4- 2H 2 0 (1) . 


S0 4 


Na + 


2:1 


.0 SO x j NO^ AjjA^> ^j3J Aj did Oljb y (£*j\j\£ jAj .6 

.OjAllgj AjljlS* jAj jA-^»a] i^AjAjj^JT JUAs^ . f 

NO 4 N0 2 4 CO 24 S0 2 4 SO 3 


aSAjjjA^AjC^-* cC.d»«»>Aje^ OjAj j j jJa>- O^jAj ^5Aj C.«....tu ^aSaJ^^5" IJIjAj ajj aS" ^AjIjlS* jAj 
C£ ®2 b! 4 ^ Aj Aj cojl? ^Aj L>-jAj cCJ: did S0 2 ^jlS* Cd>jj-^ai bljA* a! ^did IS” 4Cd*L*5jki 

Add^Lfe jAj 4dA*J 3^" L5*^Lf* J •«—4 .£]ajjIj l)a^a] ^£a SO^ (Sj^ 0’*i^ did SO^ (-£j^ tbljAfc 


S(s) + 0 2(g) 


2S0 2(g) + °2(g)- 


5Q OjAjA^Oi aSnIJjIS” ^Aj (^Ajl^jA^jljb 


♦ 2S0, 


SC>3(g) + h 2 0 (1) 


* H 2 S0 4(aq) 


tOjI^AA AjASod 4(jASoi O. OJOjA^S^Ij j ^jJAj 4j Lj j L^jA.,.t..jj A-J>Aj ^jAj . ^ 

' lijU JaS”aJ oj oj aJ j IS" aJ ijj NjOjfg^ 


'^2^ 5(g) + H 2 0 ( 


2 HN0 Haq} 




I 


uiii 

a 


f 


4 ASjAJ 4 &A ^oLi/ljb 

*r V 









































(TV) u^- Jz Pb(C 2 0 4 ) 2 ja^*aj - 

4j4Jb ImS"^ aJ (J4^>y yo .* - 


C£ 83 OjAjV 6“3 Ai£>«Aj 1 ^ISaJ COjOjOJj Ojfljl j>- ^AjL*^) ^Aj (^Voj C iSjj^Jti ^5*4 Aj .2 

; ojOjjpjo I-LjIj ji ^IlS" 



uJdlaljOi JLou glSLi ^i^jioilolj 


:ojOjoJUojfijl^ ^AjL»jJ jAj \lj[£j£ a) .' ^ 20j ASjj^ 

•^jy* ct*s ■'- ^IQ 


HF(ai?) (jjU . cj ■ 


dbjjfrifl jjJjLa 


H 2 C 204 




?A*j?e- H 2 S ^lalJojU .t. 
HP0 4 2 ^jalJojU .O ■ 


HS 


POd 


NH ; , jzi 15 . 


nh 4 + 


(_£4j4»JU^S*^Lto ^4 ja5" O-Xj ^4j j4** .3 

OH-(a^) + HCOjCag) -» H 2 0(/) + CO f(aq) 


2 ^^CjSj J 4 2 J 1 ji I J4j 44- 1 ^‘JU OH Uli j4^4j 


1 


uV 


f. 


h?o 


-V- 

2 c-ij .jr - 


hco 3 


COa 


-2 


14-wJjJJ ^J 0 -'-b 4 j OJdj! ^>- (_£4jUj^*Ji*l5jLfc ^ixJjjlS" ^4j \S^ 4 jj 4 > 4 J o” <^ 4 * 3 ^ 2 * j4j yjjt .4 


(_£ J Jj L& J ji . ^. 


Ca 3 (P04)2 


;ot^ JJ^ Aj tajU aJ H 3 0 + ^jjU tdJjjj^.jlS* (*5^y 

Apln^S ^Aj aS" ^JLlSjLfc ^Aj .f 


■H 2 C0 3(aq) 4- H 2 0 (1 j H 3 0^ + HC0 3(aq) - 


HC0 3(aq) + H 2 0 (1) H 3 0(' aq) + C0 3( 2 aq) - 


4i^AJ 4 4Sj4J < ^umIjLj 





































Jl/iS Ja&I jU JaSaJ aS" 40JS CH 3 COOH 100% aJ a£j ^/jj j sjjAj LS ^±i ‘(,j~“^) O^Mj .6 

.Cjjoa 1 -JjAj jjjj <^£45*^ y 

JJ jL*b %jaSaJ>jJ 4JL>4ifo.i 4^0jU OLoj^OjU 4JL»45o.i 4-54 -A(Cj^ O^LtbJ jjjj ^4 dJLlJl-5 .( 

.Oj^ul^j 0454-4Voj 

^4J<CUj4J6Jjd4 ^*j 45 4i j»45 ^SJjJ dj jj4J ££ ijJ ^S4JdjluujjJ 4 J 4 jLj jU 4uJj5dJ JijJ 
OuJd^ uujjl jJj <^S4 JUj45 J jj4JdJjdJ A&dj&d* 4J I 4J JijJ jLj 4uJj£j j|j j4^4J 

• C ^JJj c545" j^> y ^Aj cOIj4j 45* U b®jl5" 445*^ IfijOjO-b dilJ 4-44j .0 

4^ j15*Jj 4S 4J£iJ4A<bjlJ 4)*j4%J*J 45 ^4J ( <UJ ULU ^jjjLj )dJj4^ 4J 45 >w dj34J 


(ch 3 coct, h 3 o + ) 



^jqJqJjo^ JLou glSLi ^i^j^o^Lolj 


?Ol 5 "o^ Iwb4j yjjj (^ 3 ^^ ^^Ojl jS 4! j^bjj ^ 15 * .0 


j*454J 




OJ^ 41 ^ 004 ^. Ob*4A 4 J jjjj yAj ^y iJoj OLmJ 45\> b.0jl5 4Ojjj ^ y .£ 

Ouijj ta£u j]jLj ^45 ^SJjJ <jS4Jd$lj£&jLi 4J djIjY 45^£jJ 45j££ 

; djOjoJj dij 0 >“)^> 4^4j <u a 5^- ^Jbb Urj4j 40Jj ^ c£y®j^ <_/jJA ^..> 

H 0-H 

I / 

H—C— 4J djl jLutAJ ^y^JjJULA ^4b^j45 «4J4J 4 j4J 45j^ 

H O dj4J^JjL5 ^JU^U ^4Jb^4l 4J djl>w4J 45 ^4X^u5jJ 
jjjlj 4LlJ^dj4l4ftM5jj 4J jjljUi4U4J jJ^LS4i^jjJjUdj 

250 ^jj 4^JO®^ oJj4j35- jLlfcjl54j jj ^Oj4j y 6ji4j ^5154-41 £ -A • 

.oJj jld-j oJ15'4-jj15'_ jL»j jy*Ajt> ? 2.00 M (JaZj.^ ^y mL 

mol = M X L = 2 X 0.25 = 0.5 mol 

4 iw>u = ^ 4lwjU X mol = 0.5 X 60 = 30 g 

c5j°j (^^4-^ ^AjpyJ* 4j 4lJUl5'^ j 4^l)jd^ 4 J jljL 4jj y ^ld5* .7 

J45*4j 45" ^ 0^4>*45jdi 44 jIj . (^^15) JLj 015 o^j4j bjb ££Jj4J& 4 J 40l5oi cijb^ 

. 0^^ j j45joi jl5 Lj4j <5 ojfij!4_^4j4_dl5^ La 4jj^jLj ^4j 4j dJLlljl5 45"4^-1 jjo^ c5jb 

CaC0 3 (5') + 2H 3 0 + (a^) 

4^jjIj4j 4-jJjjU 4dl5jLA j4j ,f 


CaC0 3(aq ) + 21130 ^ 


^ a (aq) + ^® 2 (g) + 3H 2 0g) 


(^jb 4 J H 3 0 + bb 40bo^jjj 454^bjO,3 (J H 3 0 + <^a£a] *£ 4 j453 J& Lj 4 j jAj 44^jJjl5" ^ 4 j jA^Aj 

^aS'a^’ b j02 (Jj b (pH) 4 J^>-jjJjLa 4j15o^j15" 0j4j bb j ?ol5o^ ^5" Ob o!5o^^bj l^ 45 " 455 -bj 0 ^ 

u15*j ^Uj pH ul5^: ^45 HbO + ^1^4^ 




ujji 

a 


f 


42^9-4J 4 ASjAj 4 4 ijJj ^oLi/ljb 

*r V 

































ujaloljoi JLou glSLi ^i^jio^Lolj 


90 2 j*<u i^^<y *1 


A^LljL^ j<Lj ^_J 6J6jI^A^I jljAlxu&J ^aJ .9 

Sc4~Aj 

HF (aq) + HPO^/tf) ^ F"(fl?) + H 2 P0 4 (tftf) 

4 j4*\4 " fl“ HF .1 

.4_»4^4_mj^j HPO| .u 


.4_j 4^4 fl*t UjLft F .£ 


.aja^ajUJjLa H 9 P0 4 .j 




.<£jjjj!jAj dA> j ^_) L^a _> ru^<LZujaj .10 

A A-kj“ aJ A^j .1 .11 

j j u^Shnb J 

.1 jjLpLjjLj 

^ *^jb^ j 4 ^- 4 b-J o 

•<>>* 

^J 6 J J clhHj^ 4 -? I^uji-^AJ^ aJ a£ y_» jL> g-ll» .12 

■ 6 ^-°J-? (^LhLILAjI^A-, j 6j6jA£Li^ 

SajA^jj^aJ tillJ Aj ^jl^6jl jV j j} AAj AIu^j .1 .13 

Ob*^ J bb 44 -? (^A^AjjA-A jj aJ)jj_^j jjJ -o 

aj A » ^ t 

Sol^6j u^ b- 1 b 4 J^ t^bb 4 •' *14 

j bb 44 -? ^b^" * c^jb^J^ b-? JJ J -o 

•aj 4 -^*-? bb^ t£>» 

j obb* ^ 4 -^ c$bbW^ *15 

^ J JJ j 

SAjl _t \_>^j jK~\ a^Ij^j Is^ j 4 ^ (^a-mAVi^ ^.l£ .16 

ajaj6 Jj 

A^4_jjA_A AJ CjOduA_iA_o <J^lxuA_j aJIl^jLaAj Cj "u^ Aj .17 

UJJJ 4 J 4 jb^“ (^A^LaAj 

.U .A .1 

^A^A 1 fl~> Iftj 1_A ^jj-A J L^bb 4 (jbb* ^ .1 .18 


^A^aJ^^IJajLa (^bb 4 j (^bb 4 bbb -O 

^ 4 t i-v 

ujjj (<_£ j^b^- 04 ”*) ^bb^ jjj ^ajLjjLj aJ -w.,4 >4 a .j .19 

.6j6jA£j 

(jLj <dJjLo J-i vJAjAJ> j^aj -O 


l] j aV.nj jb<L^. <U jJjIj_JwLA 


^aj 4 *tl ^1 \\ AJAjI^^ (_^A_jLuj^ 6j ^aJ ^JL.1 

j (jL^&jdjAuiiLi .1 


.CiVijJ ^A_AjA_j 


0H- 




u .. 


.1-J6J IjjLj 
CjIajJ ^A^jAj IJjLj aJ ^^jLj .J 

:^)A^*j jJjJjL^ dlVLi. ^aJ^I£ Ja^aJ ~.j“ vilAjL^ .2 

Jjj L^" 4 ^ 1 

■CiV/tJ vlllj u-uJLuj j <A^lj_>l_^ .0 


1 L*J 


JjLa . 


.CjJJ <illj (£ J J 

— iS^bb^ f- 4 ^ f ^ -3 

•Ujw^ 4 ^ 4 ^ l£jAA^A_> .1 

•UJJ^ 4 ^ 4 -^ ^ 




‘J*J UJ-»J^} - J 


-^ " ■'■ ^^4_J6 j\i'u<-i (bjbjl jjL (^AJjLuj^j ^aJ .4 

Soj J ^A_AjAj ^Jjj j A^A-LJjLujA iu_w ^>1 _> ^^AjAJIjjLj 
^dLXuAiAji ^ A Zjjuj ^Iuj2 .o 




‘fcjfcjb^ f\£ .5 

Cl-jHCl el OH - j H + j 
S0|“ j H 2 S0 4 .. NH^NHj .o 

SA^^LlujA^ <6J6jIj ^. ^A^l^ ^JlZu ^aJ .6 


hcio 4 . 6 

HCN .J 


CH 3 COOH j 


HNO, 


^Aj jLj aJ A^Vv fl~) ^xu^IJajLa ^AjLoAJ .7 

SIjaJjjIj_Ja_a 

h 2 o , e PO, 3 - J 


H 2 P0 4 - J 


h,po 4 .0 


Ijl ^ ^jI£aJ A^ <A^j ^jL) J A^jj^. jA_j ^ujLaaj .8 

Ua^ Ca(0H ) 2 ^ 6 J l^ Ja^aJ H 2 S0 4 ^ 6 j! jjS 


11£ ^ \j., i< \jj \jl A ^3- ,11 - ^ ^ LS~^"0^b^ 


^. 3 1 «»»* 11 ^ ^ > 1 0 ■, 1 j a .j ^3 x ,13 ■^ \ > ..,< 3 1 . 



liJJl 

a 


? 


4J^AJ 4 ASjAJ 4 A^ul ^UttljU 











































JLou gLSU ^i^o^Loli 

£ pH ^^jij i ^/Lu bd CJj U j * jl/Xriy ♦ 10 

jb j l$j> J jAb 6i dbJjlb cj£ JAb a) ♦ jJwJfc&a j»AJbjAj jj>JjJj(jb ^jlb J jAb6i dbJjlb jlblj^lb Ja^aJ ^JjjjAj.jjjmi 
j jjfj*^ Aj jlb&jlj*^ djZjjj Aj J ^jjA.iAbfi.5 ^pb bfijlb jlbij^ftA.* Ami jj ^jb*SjI jrbSjb j libj 

♦jb&jlb ^jAj Aj Ab 



pH ^5 j5jA_mjU .cJl«LwJ^j ^jJ-Lib*^£j^&AJb6i j j&i&i j C X mm J ^£jljb J CX^~* J jbub^&jl^jb&jb ♦ A<UJ 

♦ cb j jb j J jAbfti bb bjlb Ja^aJ *(^jM)^J) AjA^ ^jjj^bj j 4 b jAj jbjlbijljb*5jb ♦ jwi jjJ^b&i 

♦jb&jb* ^jAjAjAb j jjfj*^ ^<» ^bAj jb"&jlj*^ A mA j js^Aj j Ap> 4 b i i ^pb bfcjlb jIbftjMftAj AmA j ^^jlb S j I jrb SJ b 


^bub jjAj ^^Ujjlb j ju>jjJuU jj aJ jJi bLu Ab jAjLbp* jAj jibA^jljji A^ijj *1 ♦!! 

.(bb+ Ijjlbb t^jb +JjJuL& +^bjj) ♦jbjlbAjbjb 
♦ jLulb Ajbjb ^bub ♦ jj i cJLj c^Aj Ijjlbb j jc*iMb jj j j\>jj JbUb aJ ^jjjAjAb jAjbb jj jAj j lb A^.L^.mJTJ^j Ami jj p^Aj 

*JJi A^ j^*-wbjj ^jjAj CjjbjAjfci CmJ jbjbjb jj ^jjjAj 

tcJjJ jibA mjII jji AmiJ j *0 


dLjjJbjjJuU ^^jmi j2 

HF 

cbjjlbjj Jj Ub ^^mi jJ 

HCI 

cb» <IJ (jJ J ij Ju L» ^jMiU jJ 

HBr 


j lb A^^Mkbjj Am) jj 



♦ Ab j-mi j (iLjjJbjj Jubfc j dbjji-yjjj j dbjwb j dbi^bjb ^Ib Am^ j ♦ 12 

♦ jjjjjjb&i juoAb jjj jlbsjjjV j*^Aj jJjjjjbfii IJubjlbftjl^jbftjb aJ ^Ami AJ ^Ami ^ijjj Aj jlbftjlA&Aj 4_j^j » I »13 

H 3 PO 4 j HF jljV ^^5 H 2 S0 4 j HCI d&j ji^aj :o 

JiAbdjI^^ aJ OH - ^lbA j j^b < ^ILmA> tl ♦ 14 
♦ NH 3 j NaOH :o 

,HN0 3 , HCI , ) J 6j :AjAJb jbjJjjjj c^Aj I^jAj ^blIjj Ab jAjLbijj jAj I jib" Ajjpj^j <jJAj A^j jj ♦ 15 

.(HBr 

♦ ( H 2 SO 4 ♦ Aj A^ jbjJjjjj jji Lmm>Aj ^blI^J Ab jAjLbjj jAj ♦ 


A2M9-4J 4 ASjAJ 4 A^Jj ^oLiiljb 

*r V 












































^jqJqJjO-i JLou glSLi ^i^jio^Lolj 

.(H 3 PO 4 ♦ 4j4^b jLjJjjjj ^yj ( ^gJL y £>4j ^Ul Jj j4jL£i jJ j4^ I4jL_«j 4«m) 

j*ijJ jL jyj j JLJ b j4^ ^Ju 4j ciJ4j6iiLo j4^b ,4 j<LmiLwu ^JuIjI ji j JjjjJj*u ji ^4**>Lju ♦ 16 

. 4..J CwJj 4y*M.yo4Jb ^4^*4jf j4>L* j j» 4 4 j 4„£i jj ^u4j IIj4j u j 

jJjJjJ jiL CbJ^ Cyyjjji ^.Swjj L> jL ♦ e J j jJ&j Ub I J7 

__ + H,0 + 

4j J^j jij jjliU Cy J tj Cwjj^ 4^*J^jIj jL jjGjjL^ ♦ O 

HF (aq) + H 2 0 ^^ F + H s O + 

U*) 5 3®i l * 

^4^*4,yJL>^ijU Ij4j , c^> -> ijpi $«L>4.>j| » 18 

.UJ^ ^jjljV Ij4.J , U J jjJ^Jb4j C*jj iJU4j*j4J& 

HSO 4 , H 2 PO 4 , H 2 O cJij U ♦ Ol^j (iJbJjl^ C*ij j j^p ciJij CmjIIjJu &£ 4j6iiLoj4J& «| »19 





? 





lijji 

a 


? 


12c 


42^9-4J « 4Sj4J 4 4&4$ ^UttljU 


































6 j 6 jlAxu^j ^aJ 4^<_jj<LA .24 
HC10 3 .£ HNO3 j 

HN0 2 J 

c^Shnb J *A>» jj j f^ *25 

kiLj J^JJJ Jjl_A ^yZj^l .O 

: A _ l*j jjjli 6 j 6 jl^ik ^ A-j l \\ \\ ->>. ixAjp A - i^j ^ A_j .26 

4 h » j^h ( j ^») JJJJ •’ 

lA>* 

•£ 

^j 1 ^ ' A />) jjJ A^ <A-ujAjL^-jA-ujjLa A i'u \*\j 1_A jA_j .t .27 

6 jU 4J <( j^j6Jj6J cr 4\*»^ 

^A^6jL$jAj4 jjJ aJa^A_» jA_4 ^Aajj^jLa ^a_L> O 

6 jLj jl_A AjLijLia ^ i £ j -} jjJ J ^- Ia^aj ^ jLjAJ .28 

6j6jl^^. (_£aj>LoAj «l j KOH(fl^) j HCl(tz^) 

■.tuuJjjlj 

. aIjJ j \£ ^ aJ > ^ aJlA ^! jLa a £> jjlZu .1 
.^JLuj£ ^A /li\^j|l A aJ>^jI_> -O 
. ^jA_> ^A_loa^ jl_A Aa ^ jLj .£ 

^ jL aJ ,6 J 6 jA 1 j 6 jL » jjJ 28 .29 

.lj NaOH^)^ H3PO A {aq) ^jl^jU 

^aJ a£a_jjA_A ^JA_> ^<.tu.Y\ jl_A aJm^jLj j AjIiI^jLa A^^liL 30 

6 J*J^ jj j 

Zn(s) + HCl(tf< 7 ) —> .1 
Al(s) + H 2 S0 4 (<2<7) .0 

^iLll jl£ ^jA.) ^aJLia£ jLa Aa^jLj j AZua^jLa A^^Luu 31 

.axuj^jlj HCl(t?(^) j Ca(iS') ulw 4 

jAJt j 4*\ > jlj 4 ~ ,6 jl j ^4_ jl_jj jt' ."..^ j ' a t<*iK K ^a_j 32 

."./Xjl A 4 '. j jl 1 LwjjAj J < 1 , , *\ ' 4 ,,jLiS i_<LiJjIS 

uW 4 ^ 4 - 4 J 4 - 4 (^ H 4 ^ t 5 4 -^4^ j '- 4 4 A > 4 '- 4 J 

HCl(a^r) + NaOH(a^) -> .i 
HN0 3 (a< 7) + KOH(fl^) -> .0 
Ca(OH)^(a<7) + HN0 3 (a< 7) -*■ 
Mg(OH),(a 9 ) + HC1 (aq) -+ .j 


^joJqJjoA JLou gLSU ^i^o^Loli 


•J ( Cj ^) £j*J ujjjJi •J (J-J 4 ) J^ 4 -? 4 Pj>! *2® 

IjdjAjl^i. tfOlfiJjl* ^aJ (^LjA^AjAjA-A 

:a£j ^jLjj 

CH 3 COOHH) + H 2 0(/) n j 

H 3 0 + (a(7) + CH 3 COO-(a^) 

HCO3 (aq) + H 2 0(/) ^ .0 

H 2 C0 3 (^^) + OH~(aq ) 

HN0 3 + SO^- ^ HSO^ + NOj . 6 
A^ (_^ 6 jAj A\j^ U 1 £Aa 6-3 A*>iliA ^AjLjjjLulj jAj .21 
, HNO3, H 2 S < HF :a:U (j 3 f 4J p[Z ojaIj ^jLj 

CH3COOH 

.A-ujjj J^jjj^a-AA-j .1 

^A-lilJdjL* ^ AaJlLJ&jLa Jjjjj 1 aa_» 

•uj>? ^aJ>Ul^; j aJ a£ 

jl^ jAa aJ AlilJajL* J 

1 ^A_jl_iu^j J aJ a£ 

iajdjdJj vlllJ 6 j4jI jjk ^AjLoAJ A_^A_jjA_A .22 
j djIjV ^jlAA_> .1 

a_Ljja£ y {jM j i H 3 P0 4 Ajjjiujjj ^ 

< 6 jl^lj A-> J AaIjIj 

< CH 3 COOH (^Li:i.uuaJ) a^j^*j 

^^\uijaA_) j a_j 1 jIj ^ jj jjLa aLjja^j! 

.cZjJtdj 

^_>L^ 6 jLaJ AJu^dj < HCl(fl^) A^ lj 6 ^A_t Ja£aJ 

«olj6J (jLuuAJ {JU J} J 1 J A jA-J 

aJ fj HC1 j HC1 

a^IjaJ g-_i A < 6 jI ldjL^ 6 jA-uA^aA"k 2 t 6 j 6 jA^J^J 

.Cjljl_j |jl i4i 

^ \_i-kjjJ jLa AllJ jA^ J^xu dL»JjA^ jAJb a£ « H 3 P0 4 .J 
aLjjA$ dA-jA$ < HC1 ^j^A^ . 6 j^V A_»lJ a_» 

, 6 ^A-AA_j (A_>Ij1j 


duLLUjJi 


■jjXjjlj jjJ jk<J >23 

HC1 i 
H 2 S .0 


A^M^AJ 4 A^jAJ 4 Aioil 

























ujolaljoi JLou glSLi 


.20 



iJlS 4 JjSJ jjftjlj 

(Ah 

Jf 

+ 

0 

no 

X 

h 2 o 

CH 3 COO' 

CH3COOH 

f 

h 2 co 3 

hccv 

OH - 

h 2 o 

0 

hso 4 ‘ 

so 4 ‘ 2 

ncv 

hno 3 

£ 



HN0 3 :f .21 
H 2 S 
HS" : £ 
NO 3 ’ :i 

jj iJ j ■ iibjb 1 ^(j^ - t aj jL jjljs^ jl5" d J jL ' j «f .22 

4lLflj j 4^"5j*Jb4j 4«^jj ^juli jj|jj*4J ^5 j4j jj jijJijU jL C o^JsjU 4 **mj^*j CuJjjLu ^£4^ JJJJjj L> 

f$4; ♦ CujjJjLj CmO *£ 6j4JL^vm £j5 4.L ij4^ 4 j ijlJ u-j4j 4.J ^£>JjJuLfc 4 j 4Jb ^j j4Jb Zw* 

,4j 4J& ^Iijjj j 6j jj 4j CyjI4$* 4j4Jb ^£>JjJuU& 4 JLOj4^ C^4j L^j4j Ii4^ 'j+u Jj 4 J 

CwjlI jjU j4Ju jJ ^gj 15 *ij 4,».m- o 4j>rJ» ) ^Jj{ IjJjjIj 4J ^JU4.> 4^ ijjjLb ij J L u Ij j4^ 4 J HCl 4^J Z£ 

.^JCUjjIj 4JL j j j HCl 

Ij4j4j HCl jJ ♦ 4j4Jb 1^4^iij4^ 4 J 4^* 6 j4JL*J>jj Ju Ub j4v 4j <iJ4j 5 j4JLL ) Jj1j ^4JL 4j ijlJC^4 j j*i jj ^jJ Jb Z £ 

♦ C*l^)6 jijJ 4Jb (jJLJ j»4^ jjj H 3 PO 4 cLjjjL«jj3 j»^ 4 j CJjjJjljfii 


ZiityMt J Jb 4 > 

« V 


i 1 .23 

1 A 1 juu ji 11 .24 

csAr 5 ‘V 
4 iji^ ; £ 
j-W“ ^ csAr’ ♦ ■» 

HF :l .25 
HI :o 



? 



4> 


UJii 

a 


? 


4fl^4J « 4£j4J 4 4&4$ ^umIjU 

































































































































JLou gLSLi 

^ ^ \ nX n/X^ 4 1^ \ \ \ j l —a a^ J) V '~“ .33 

Ol^H LS^ 5 ^ (^<^4 ^jLa 

J H 3 P0 4 tiLjji^ji ^A^A-ijA-A (_££>jI^a5a 

A_uj^^j_i !M^(OH) 2 "‘~ A ls A 

^ ‘O^jL^JJJ 6^»6jAj a£ ^-?ljlj 

." i\ \ 4 \ I \ >A i »4 a t ~. * * £j_i_<& 

^aJ dl<_ij<_A ^a jLa .34 

15^ >J^J4 J-J C5 a i ‘ u ^ J ol*H C^J^jL^ 

;A^uj^1j <<J4^a 

co 2 (g) + h 2 0 (/) ^ j 

S0 3 (g) + H 2 0(/) -* .o 
N 2 0 5 (g) + H 2 O(0 -* , E 
Aa^aLa ^ ^ ~ ^ n.\< j\ AaJjaLa A^ j)* ~ i .35 

jj-jl jL_a jAa <^-aAa (_g< La 

IAjjj^jaa ^a1^_) lIIaj a^A aLaa^J^ ^aJ (Jl!a_>jA_A 


CaCl 2 
K 2 S0 4 J 


RbC10 4 J 


BaSO 


4 ^ 




^ tu v &j La AaIaaI }Ai^k (£j-* ^ -ftj * yl^jS .36 
o'-* LiOH(a<?) ^ j HN0 3 (a<7) ^jjy 

:A_uj A^A rxij*\ jL& (_£AaLaAa Ja^aj 

• A_uxA^ a A^ 1 1 


■■■< ^A Tuj^jLa Aa^aLa -o 
. ( ^jA_» ^A_iiA^jl_4 Aa^aIa .£ 

^I^aa c5 llljl£ L5 ^AA_ t4J jLA (^aLa-oa^ (_^A_Z4a^jL<& .37 
*iL>j j) ^< a^Js ^j-aaa^a La 6^L^aA_A ^aa (_$A l—A .38 

.A^aJjjIjAa <6jL^aA^ 4 ^tu ^A_a ^aL <Aaa^_jaa 

ftjdjljji. (_£A_jL£u^A ^AJ A^AajA^A (_£ JjA^ ^a4u ^Ia jIa .39 

IAa^j^Ia 

3 HP * 


HC10 j (4^- 


luj*J>) A^ 


h 2 co 3 c 




LS^J-* 


h» -la 


^JA -o 


lt^ •£ 

HC10 4 .J 

h 3 po 4 .a 



* 

1 

« 

□ 

• 



UJJ1 

a 


A^^Aj 4 ASjAJ 4 a£uj ^Ijb 
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0 jqJa^jo.» JLou glSLi 


,0<£<U ^jdtS-^l** ^<u 

gtl^ddj 





( mOl / L ) Jj dL> 


V 

♦ j tijJ <b *£ ^JjU (Jj'ij-o 

H 3° + 

V 

♦ C*ij dU dGdLolj dbS* JLMM^JjJuUb ^JjU ^^LyjdL> 

OH" 

V 


jU ^j-ls 6 j><J 

• kiLiiJpjjJ ^jdiljj^' CwJ J cl—> Ju*«£j}jJl>lfc J j.^JjjJjlfe ,jU * jlj tjj> dj 


^0(1) + H 2 0(D 


H30 + (aq) + OH" (aq) 


:(Ijl^jU li 25 °C *J Ijl^jU jjb J 

[H 3 0 + ] = 1 X 1(T 7 M 
[OH - ] = 1 X 10 -7 M 

[H 3 0 + ] = [OH - ] = 1 x 10 -7 M .•ijLiiS’jl* • 

1 X 10 7 M dj >j5bj [H 3 0 + ] 4 jIj[ 0H ] [H 3 0 + ] • IjLw Ji ^ • 

1 x 10 -7 M j [H 3 0 + ] *3ij [OH - ] > [H 3 0 + ] • 

dj ^i^jU ijjjjj&ii Z '~ ( 2013— 2012) 

0.7 O 10 +5 O 55.4 0 10 -7 ]O 

1 ^ 25°C dj dujiwl^ doLo dj jolT ^ 051 dj ( 2017— 2016) 

0 l**a O [OH] < 1 x 10' 7 M Qlx 10' 7 M < [H 3 0 + ] O [OH'] < [H 3 0 + ] O 

jMwJ 1 X 10 ^ ^ djl^Sd I ^djbdj [H 3 0 + ] J [OH ] 


.(K w )jb 


csrr',* 1 


[H 3 0 + ] j [OH ] **4o djlS”sd *5” i^djo 4j :^SLo> ^Sn-^o [ (K w )jb Ij 

K w = [H 3 0 + ] X [OH - ] 


:I.Z5°Cd 


K ~ = [H 3 0 + ] x [QH~] = (1 x 10~ 7 )(1 x 1 CT 7 ) = 1 x 10~ 14 


♦ Kyy ^Ub4j ^4 bL> jjj jU j 

.1 X 10 4 J b 30°C *J K w 


425b 4 j ♦ 4Sj4J ♦ 4&U; 


L J 





' v □! (*• 























^jqJqJjo-s JLou glSLi ^j-sjJSo^LoIj 


5 1 X 10 M 4jI^ Ju L& ^l^4jjjb Aj &Jj4j* 1 . .Xj^ 1.1 »> t - ^ ^ 

54JjL jL jj &£6j\jS Lb &>j4^j ^jjj ( j^mJL^)L 

[H 3 0 + ] = 1 X 10 -10 M 

[OH - ] =? 

tf w = [H 3 0 + ] x [OH - ] = 1 x 10 -14 
1 X 10 -10 x [OH - ] = 1 x 10 -14 

[OH - ] = 1 X 10 “ = 1 X 10 ~ 4 M 
1 x 10 0 

1 x 10 7 M <U [H 3 0+] 4jij [OH ] [H 3 0+] j> az£j 
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j^l j^mjL jl&aj jL jLbAj ji j4S 4 j ,[OH ] ^b [H 3 0 + ] 

jL Ji^lji 4^j3 <_,!«*> Aj [H 3 0 + ] 


[H 3 0 + ] = 
[H 3 0 + ] = 2 x 
[OH] = 
[OH - ] = 2 x 


HCI J»j tjj 3 !# d*; jfc ^ 

H 2 SO 4 J»j jji ^j3 * ^ 

3 4iidj jjJbU ^4>> 

Ca(OH ) 2 d&j ^Xy^jjjjU jji ^ 


■L..mJT Jj Ju Lb j j»j*JJjJuUb ^L'ajJjL (m ^u4j LL ,uu 1 X 10 M ^4^ 4,JL*j4> 4^ H NO 3 ciLjub jj ^Ji jl 4.J 


5&Ju4> 


[H 3 0 + ] — lx 10 5 M j [H 3 0 + ] — | ♦ 4jIj 4^ iLJjjjjj (J 4 J ^J1^4j H N O 3 

K w = [H 3 0 + ] x [OH - ] = 1 x 10 -14 


1 X 10“ 5 x [OH - ] = 1 x 10" 


14 


[OH] = 1 X 10 14 = 1 X 10 -9 M 

1 x 10 -5 


,CwC3(OH)2 1 X 10 ^4^4j&jb^ 4J 5^Ju4jn .1 .jTjjJuLb j jO-JjjJbU ^b*4jjjb Lb | 

[OH ] — 2 X ♦ 4jIj 4^* 4j JLmm^Jj Jj L& jji C3(OH)2 

[OH - ] = 2 x [ci] = 2 x 1 X 10 -4 = 2 X 10 -4 M 


4^^4J 4 45j4J 4 4&Jj ^nialjb 






' v □! (*• 



















jjjqJ ljo.s JLou glSLi 


K w = [H 3 0 + ] x [OH - ] = 1 x 10- 


[H 3 0 + ] x 2 X 10 = 1 x 10' 


14 


[H 3 0 + ] = 1 X 10 “ = 5 x 10 _11 M 
2 x 10“ 4 


ij 10 ^AJL^jJu ji A**JLmj Ajlb'&i , Ajli ( 0 ~ 14 ) jI aJ ^ 4 i*lfc 4 j <*S Jj JU Lfc 


.[H 3 0 + ] ^jjb 




pH = - log[H 3 0 + ] 


^ 10 ^AJU^JU ^^o^ujbjJ A**JLmj , 4jli (0 “14 ) jlI^J aJ ^Jd£\jbdj d£ l ^JULb jj&j 

.[OH ] ■L^.^b'JjJuUb 


pOH = — log[OH ] 


i * oO 


i^l^judJ ^LwjU ^5 pH ^djl^jo 

14 ^0 O 7^0Q 


2 ^ (2013 - 2012) 2 ^ ( 2013 - 2012) 

1 + V 1“ O 


aJLjS' jUb A^fijl^ I jdu pH = 7 jA^A; © 

dSijfj^ IjAS pH < 7 jA^Aj ^ 

AJjSj IjAj pH > 7 jd£ du $ 

(Cw^ AjI j)Cwd£ jjLj A*AmiIjAj (0 aJ Cw ) Ajlj 7 aJ Cw J&j&j pH ftJUA>j4Jb 

(Cwid Ajlj)Cwd^pLj A$*A^i -> Ij4j (14 aJ Cw ) AjIj 7aJ Cw j 2 * jja £ PH 6jUA>jAJb 


pH oc 


pOH 


j>Ta4 ^JaS'aJ aJj^jjU ajIja^u pOH j pH 

ftjjj pOH j A*®A$* pH 
du^dS pOH J J J J pHj^bA4^ii3 • 


j^4moju [H 3 0 + ] = [OH - ] = 1 x 10 -7 aSL* ,pH = 7 25°C aJ ^jU ^jl^T | 

pH = -log[H 3 o + ] = — logi x nr 7 = 7 


♦ bjjJ»Lbjl A»> LyL 


> pH =-log[H 3 0 + ] 


> pOH = — log[0H ] 


> pH + pOH = pKw = 14 


[h 3 o + ] = 1 X 10 _pH 


[OH - ] = 1 X 10 -pOH 
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O jqjqjjo 1 » JLou gl5li 
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^jqJqJjo^ JLou glSLi ^^jio^Lolj 


5&Ju4jn NaOH 1 X 10 ^ M ^ pH ^Lb<U 

[OH ] — l^cJj i jI j dS 4jj j juLb jji NaOH 

[OH - ] = [cjo] = 1 X 10 -3 M 

pOH = — log[OH - ] = — logl x 10 -3 = 3 
pH + pOH = 14 »» pH = 14 — pOH »» O 


H = 14-3 = 11 


[H 3 0 + ] X [OH - ] = 1 X 10 -14 
[H 3 0 + ] x 1 x 10 -3 = 1 x 10 -14 
1 x 10 -14 


[H 3 0 + ] = 


1 x 10 


-3 


= 1 x 10 -11 M 


pH = — log[H s O + ] = —log 1 x 10 11 = 11 


5 3.4 X 10 5 M [H 3 0 + ]j^ ui*, ^jj\J j pH j 


pH = - log[H 3 0 + ] = -log3A X 10 -5 = -(log3A + log - 5) = 4.47 


. 4.0 pH jd£ dj [HgO^"] 


[h 3 0 + ] = 1 x 10 -pH = 1 x 10 -4 M 


IbjbjjJu 4jLo4j , 7.52 4jl^j <U»U>JjJuLb jd£ dj 

jL jj dS 6j\ LL C , j j Ju Ub j j ju Ub U V 


[H 3 0 + ] = 1 x 10 -pH = 1 x 10 -7 - 52 = 3.0 x 10 -8 M 

[H 3 0 + ] x [OH - ] = 1 x 10 -14 
3.0 X 10 -8 x [OH - ] = 1 x 10 -14 

1 X 10“ 14 

[OH - ] =-jr- = 3.3 X 10 ~ 7 M 

3.0 X 10 -8 


pH > 7 d£j 
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&y6-ii * iSjdj * 


*S) S3 
















O jqjqjjo 1 » Jbu gl5li 


. 3.67 pH sjsjjju [H 3 0 4 ] 


[h 3 o + ] = i x io _pH = i x nr 3 - 67 = 2.i x 10 -4 m 

?oaj«s^. 1 x 10 ~ 3 M HCl ^1^ & pOH 9 pH ^(2011-2010) 

[H 3 0 + ] = [^-] = 1 x 10“ 3 M 

pH = -log[H 3 0 + ] = -/o#10 -3 = 3 

pH + pOH = 14 »» pOH = 14-pH = 14-3 = 11 

^ JoLb 9 AjI& ^iLTdic^U dj dTdj^dfe (a yuMd^.Cd(OH )2 9 — pH 


[H 3 0 + ] = 1 x 10 -pH = 1 x 10 -9 M 
[H 3 0 + ] x [OH - ] = 1 x 10 -14 

1 x 10 -9 x [OH - ] = 1 x 10 -14 


c (2012- 2011) 

4S4JJu 


L J 


, 1 X 10 -14 

OH - = -——— = 1 x 10 -5 M 
L J lxlO -9 


[OH - ] = 2 x [*to] 

[ . 1 _ [° H_ ] _ 1 x 10_5 

= 2 = 7 


= 0.5 x 10 -5 M 



:6J\So± 0.5 X 10 4 M ^yuuodL d> B 3 (OH )2 

^ 091 ^ pH ^(2013-2012) 

40 

10 0 

110 

30 

AjjuulT^ AAib ^iLTdi^jli ^yuuodik , 2.7 dj'LTo^ ^gdT djuuL^^Jut l& HNO3 ^o^I^jlT ^ ( 2013 — 2012 ) 

2 x 10 _3 MO 

5 x 10 ~ 12 MQ 

5 x 10 -10 M O 

0.2 x 10 _3 MO 


§ pH = 5 |i_Td;> 0 ^l JjS 

dj'LTo^ |£>^jki^JoUb ^Lfdi^jLj ^yuuid^ ( 2013 — 2012) 

1 x 10 ~ 9 MQ 

1 x 10 ~ 4 MQ 

1 x 10~ 5 MQ 

2 x 10“ 3 MO 


Ca(OH) 2 bt» , 

11 dJlTo^ C 3 (OH )2 

pH ^ ( 2013- 2012 ) 

2 x 10 -11 M O 

1 x 10 _3 MO 

5 x 10 ~ 4 M O 

2 x 10 _3 MO 
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4 0 n< M |jb 


' v □! c®* 













0 jaJqJjo.s JLou glSLi 


^(2014-2013) 

40 

^(2014-2013) 


: 1 X 10 ^ M HCl ^ 50^1 jjS oj 

80 10O 60 

7 dJ <5 pH do 1^1 jjf jodJ jol s 

0.0001 MHCIQ [0/T]=4xlO“ 9 MO 

[H 3 0 + ] = 2 x 10 -2 M O [ 0H~] = 2 x 10“ 2 MO 

AilTo^ [H 3 0 + ] p0H = 5 2t ( 2014- 2013) 


1 x 10“ 7 MO lx 10 -9 MO 


90 


1 x 10 -5 MO 


?1 x 10 5 M KOH l5&c)l jjS dj oJJd^ Oj ^Ubdj 

90 


^(2015-2014) 

40 

^(2015-2014) 


80 60 

^IT^AAI^J ( 50^1 JjS dj duuuuuodib djUULkodJb djLfcUlji ^o^dj 

pH > pOH O [tf 3 0 + ] < [o/r] O 

pH = 1 x 10“ 7 M O [ H 3 0 + ] > [0H~] O 

’o^dj.jO')A-? * |oir l^dj < jjJbdj ^Sjukfti' ^ pH jdS&j ( 2016 — 2015) 

0 U ? ^4aO [OH ]0 [H3^9 + ] O L^aj-O 

:4iiro^ Ca(0H) 2 ji»»^ , Ca(OH) 2 ^ pH = 9.3 ^( 2016 - 2015 ) 

5 x 10 10 M O lxl0 10 O lxl0' 5 MO 2 x10' 5 MO 

:?€»>Jb>7 AJispH ,dAJ ,oir ^(2018-2017) ^(2017-2016) 

[OH] = 2.4 x 10' 2 M O [OH] = 4.4 x 10' 9 M O 

0.0001M HCl O [H 3 0 + ] = 1.53 x 10' 2 M O 

: do dob AjL*> {JT ijjj6j± Qj^j"duals’ 1( ~ ( 2018— 2017) 

0.05 M HClO 0.1 M CaCI 2 0 0.1MHFO 0.1 M HCl O 

: 5 x 10 -3 M Ca(OH) 2 ^ 50^1 jjS ^w^io 2 ^ lib do 1( ' ( 2018— 2017) 

12.0 O 11-3 0 2.0 O 2.7 0 

^yirAj^u uu , 9.48 <sjito^ Ba(0H) 2 ^( 2016 - 2015 ) 

' v . oAj do^ 

3 x 10 -10 M O 3 x 10 -5 M O 3 x 10 -3 M O 3 x10“ 12 MQ 


L J 
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O j<dqjjo.» JLou gl5li 


<■ 


pH (jliggj 

pOH UU99J jgj 
OH <-^9^ i 0 ^ 
[H O 1 ] O'jggjjgj 


4 


jl/t>QJ <J\juJJJ 

jlglJ <jva1jjj 

CS<P OjIjjj qL 

n hi g 1 /t\ 

jlgll (juAJ 
^giv qjLqj <jL 

jj/ftCLJ <J\1 qj 

HCI 

HF 

h 2 o 

nh 3 

NaOH 

h 2 so 4 

HCN 

NaCI 

kno 2 

KOH 

HN0 3 

NH.NO, 

4 3 

KN0 3 

NaCN 

Ca(OH) 2 


pH u^9&j jgj 
pOH <>9^,00^ 
OH a^9&J J9j 


cuuIigLdi , ilmi # ^ji, [OH ], [H 3 0 + ] , pOH , pH 6^ J J9U°J 

QU-UJQ3 (jLon itl QJ 


£ 


g ojijoaii pH 09^93^ 99 3 ^533^°-! ^ogljAJggj ,jubgljji^ agLj /^p-LllLj 

09^93^ tSagljAJggj tjagljji^agLj Ja^al jjgljaj aj / ajiLij [H 3 0 + ] 

iJodj jO^jjuuJLT ^5 JsjlA 2 ^ajjjj ^I^jJ dJ ^dj ^dj lS,j4 * ( 2018— 2017) 

IdjdilodJ | a\S VM6J 

djlodj djkfti' o djUk) JJ duuuuJ'^lfe 

^ pOH Qj^o^r 4iU4J ,oir ^(2018-2017) 

HCIO CH 3 C00NaO H 2 0 0 NH 4 CIO 

• djlJjj H 3 O+ -"*■“«.** ^U4A <xjLo<xJ jol S '■ ( 2014— 2013) 

NH4C10 KNO2O KBr O CH3C00 HO 

‘ A ^ jjLodJb j djdJb pOH qIjuoLT ^ ( 2016 — 2015) 

NHbO HCI O HFO NaOHQ 


105 2 ( 1-4 ) <jd><£ ^d$<U$J4 |4r 


idjdjdjjjj <jLo4_j <lj pH — 8.0 aJ Ca(OH)-) 
[Ca(OH) 2 ] . c [OH-] . v [H 3 0 + ] .i 

Jjlj A_> 6j6jljA. (_£Ajlj ^Aj : jl^A^l %.‘>4 t j\j t>Xt j j .6 

:<S ^-Lhb ^ pH ^LSLaAj 

0.10 M HF .0.10 M H 2 S0 4 .0.10 M HCI 


1"4 


^ CS HO J H 3 O+ jj J .1 

Ij 25 C C ^A-L 

<J . pH .2 

SAjIj 14 j 0 aJ JILj 
aJ oljOJ ^jUliAj J ^/S jl—A ,^^A_j&^ pH — 7 3 

?b 25°C jjjj ^ja£ < 5 ^ 

^a_jI_4>a_j <qj >1 4.5 x 10 “ 3 M HCI aJ .4 

pH . E [OHi , v fH,0 + l J 


L J 





AJ^AJ 4 ASjAJ 4 A&Jj (jHimIjU 


' v □! •* 

























^jjqJqJjo.* JLou glSLi ^.sjSo.sLoLi 

[H 3 0 + ] = 1x10 ~ 7 M .1 

[OH - ] = 1 x 10 ~ 7 M 

. 4 ^ 1 ^ 1 x 10 7 M j 1x0 M a! [H 3 O"*"] aJ -2 

pH=7 [H 3 0 + ] = [OH - ] = 1 x 10 -7 M IJLiii'jU J .3^ 

[H 3 0 + ] = [^j = 4. 5 x 10 -3 M :^lj^ ausjjj^ dt. ^jiaa, ^ HCI. J 

[H 3 0 + ] = 4.5 x 10 -3 M :f 


= [H 3 0 + ] x [OH ] = 1 x 10 


-14 


4.5 x 10 -3 x [OH - ] = 1 x 10 -14 

1 x 10 -14 _i 7 

[OH - ] =-,= 2.2x10 12 M 

4.5 x 10 -3 

pH = — log[H 3 0 + ] = -log4.5x 10 -3 = 2.35 


. .5 


[H 3 0 + ] = 1 X 10 _pH = 1 X 10 


-8 


K w = [H 3 0 + ] x [OH ] = 1 x 10 


-14 


1 x 10 -8 x [OH - ] = 1 x 10 -14 
1 x1 0 -14 

[OH] = --r^r = 1 X 10 ~ 6 M 


1 X 10 -8 


[OH - ] = 2 x [c^] 


[OH - ] lxlO -6 


OH .j 


= 5 x 10 -7 M 


0.10 M HF > 0.10 M HCI > 0.10 M H 2 S0 4 
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^joiaijo^ JLo<I 3 gLSLi ^^j^o^LoLj 


4*-ll 


Cw <gIX u OH jL H 3 O 111 
GwJ<b IJuj H 3 O ^JjU HI 

N 111 10 ^1 jj jj djdXJllj5"jj<U N HI 

♦ ^ X4> Jf^sbu III 

j\£<L*)jJ i jl Jj Uju jXlil-o j4j HI 


iijdjjj viul^xdjLuuj 


: 4 J ^jL/Lj pH ^Ijii (pjJAJ J. 

7*0 0 1^0l 14 * 0 IS 

to pH Alubd^jt) t to NaOH aj HCI ^juLSj^ ^jLSaJ J; 

JkJ 4 > 4 j II jljjlj <UdJ m 

4j4jb jlx jjj OH j H3O HI 

^jIj^J (iJL^l^ HI 

jjASaj uujj: JulSjU 3 

jL*^<u OH ^l^xjjb j H3O ^Lm^> |A| 

CXX IXu ^j|(yJjU HI 

iAjLSdJ N djUj( antilog )^4LjLSjJ AjtjAai) A 
N j\ja£J <ut EUl N ^l jj jj sj<bbjl10 t-—I 

: jAjUAj jLSAxuiS djdjAwO .5 

XSjjS* C^J#J ^jl^ ^XljjLo jX ® 

jXjl> X<L> HI 

♦ AS jASdA AjIjI jiS ^djUAJ wiy j jJijJ ^J^UbJAiW .6 

^jjL-5”x R j^pjbjUb xL^L»4mS' 1^1 

: ^djlwAJ Hln djtjV toA ^i s u J A) (,£4Jdjdj4.tt/lj jAj t IA jLSA^jJ dj!j>jS A) ,7 

InOH © In® ln + IH 

^JUA^ l:Lu$Li- £$Ij Ai H3C 3 

55.4 ED 10' 7 ® 0.7HI 

UJJte tJLujLi' £$Li 4 ) OH (j mu^ 3 

10" 7 ® 55.4 H 0.7HI 

$ddj&p OH (JLu&p j H 3 0 + <JLuA£ ^i\JSjJ .10 

10 7 ® 10 28 ® 55 . 4 HI 

$ Ajjj? utodJ jLiu tod$lj>tS 4 ) H 3 0 + ^ .11 

10 -14 + [OH - ] 0 10 -14 /[OH - ] H 10 -14 - [OH - ] IS 

$ Ajjg utod4 jLLj todjtftS A) OH jAj .12 

io -14 +[h 3 o + ]0 io - 14 /[h 3 o + ] H 10 -14 -[h 3 o + ]IS 

?uLSd4 djlI jjjS ^ pH 4i uwjlj^S AS 4 j>LS jrO AuJjJj^ jAj .13 

log[H 3 0 + ]ll -log[H 3 0 + ]IS 

:uuJd4 <W4J 4Sdjlj>}S t [OH ] 4) jjj jJdjjAS [H 3 0 + ] )ASAJ .14 


lKH 


m 


uuj^; <u<u ASdjIjjtS t [OH 1 AJ [H 3 0 + 1 )ASaj .15 




m 


10 jljJ 6 j4mJ| Ij^"jj4j Y 111 y SjiCiblIj^*jj4j 10 HI 

m m 1 11 m 


AjiSd^y djUj(antilog)^ jIjaDaa .16 

y El y^jij^-f^u bS 


6 5 


i m i m i i 1 




L J 






^ □! c®* 














ojqJ Ijo^ JLou glSLi 




2.42 


4.083 


A& I £ 2 5 °C w C u . i£ j LI ^djl^ p H .17 
14 © ll om 

♦ A) (jrjljj pH t£)d£»U .18 

lji-iM 1,00 

: 4jL1>: Juj j Jtjly& p H .19 

jsl,j 7 *J 111 jl.aS 0 J HI 

uaj y& pH .20 

jl.aS 0 *J 111 jsLj 7 *J HI 

:uL 4 4ic-jjJUU 4S .21 

jiij3 SI CJu HD JzS jU 0 

:luj 10 4£ .22 

cJ-»' SI ijj 0 jU 0 

:luj 7 Aic^j-UU 45 d^UdjtjjjSdjlj .23 

Cij SI jU SI 

SddJ^ 10 M HCI ^AJdjIjjjS^pH iLu^jjJuLA JL 24 

6 i 20 

10" 5 M KOH ^S^djIj^S^pH .25 

71 3® 

SdJ^A^[H 3 0 + ] = 1.7 X 10 -3 M £ pH .26 

2.77 0 1.810 

Sddj^[H 3 0 + ] = 8.26 X 10 -5 M £ pH .27 

8.024 0 3.912 0 

Sub 5.03 x 10 -1 M flu 4^Jb ^yUy4^ ddJte £ pH .23 

D| 1.542© 0.513 H 0.29813 

0.027 M KOH ^S^djIj^S^pH .29 

D| 12.43© 14.11 H 6.47® 

UJjte 0.00162 M NaOH 4ic-jjJuU 30 

D| 5.332 © 11.210 H 9.923 3 

?uu 4.12 pH AZdJJte 4)( M ) ^jUji^JUU ; u»jLj .31 

a 7.6 x 10 -5 © 1.5 x 10 -6 111 6.4 x 10 -5 13 

Sub 7.3 £&$* pH 45 tJjte; 4J ( M ) ^iu^JULA ; ujjL) .32 

a 5.0 x 10 -8 Ifil 3.5 x 10 -8 13 7.4 x 10 -5 13 

Sub 12.40 pOH ^ASdjUj AU^S^-UU 4S ddJ4£ US^bdjtjjjS 4J ( M ) ^ju^JULA ; ujjL) .33 

a 2.5 x 10 -2 Ifil 1.5 x 10 -8 111 8.4 x 10 -2 3 


33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 V 

© 

© 

© 

H 

© 

13 

© 

H 

© 

© 

13 

© 

© 

13 

© 

© 

© j 


L J 
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0 j<dqJj04 Jbu gl5li ^i^jio^Loli 




iojOjoJj ojoj\j?” (jtiLtjj p<& ^°^oj IpJOjAjjjf 

’.OjOjOjjJj jlSojl j >\jb \_A4 j .1 

.vi~j 1 X 10 -6 M ^ [H 3 0 + ] 4%>joj3Jj *54 jojIIj,? ^ [OH - ] .t_ l xl ° 8 M _ 

,c4i 1 X 10 -9 M csaS# [H 3 0 + ] 4Sy. J .jj50 4 iko,!^ ^ [OH - ] lxl0 ~ 5 M 


.kJ - 


. OL 1 X 10 -12 M [OH - ] AfoyjoJSJu. ‘kajl^ ^ [H 3 0 + ] .£ . 


lxlO -2 M 


lojojjJj jlToj!jb (^Ub4j .2 

. 2.0 pH jojVJ,. ikojl ^ pOH .f _ pOH - 12 

. 4.73 -JlSk ci^To pOH aS'ojojoJjJu ikojl ^^pH . v _ P° . H = 9.27 

— 3 a~i *. ru o+i iC' * »v i _i ^ » ,o PH = 3 


.1x10 M ajISo^ (^a5o [H 3 0 + ] aS^ojojoJjJj itajoj!pH 

. 5.0 4J15o.5 ^aSo pOH aSojo jojjJb i!ajojI^ ^ [OH - ] .a 

. 1.0 aJISo.5 (^aSo pH A5ojojojj-l> iIajojI[OH - ] .a 


[OH - ] = 1 X 10 -5 M 
[0H”]= 1 X 10" 13 M 


cuXj 2.34 X 10 5 M (^aS"o [H 3 6 + ] aSojojojjJj iJajojI jS ^ pH 


iojojjjj jlSoji jZ Ijb LaAj 3 

pH= -Iog(2.34xl0“ 5 )=4.63 


» ? < nu v t ^ , [0H]= 10 -p° h = 10 -3,5 = 3x10 4 M 

.c^-j 3.5 ^aSo pOH A^ojojojjJj IjajojI jS ^ [OH ] .o-.----- 


c*Jj 4.6 X 10 ^ M (Ja£o [H 3 0 + ] aSojojoJjJj ^ajojI jS ^ [OH ] . 


r , 1 X 10 14 

[OH - ] = 77 - 777=8 = 2 X 10 -7 M 

4.6 X 10 8 


: 4 m >jyj bjl aJ OaTojIS*" cj ojojoJUaJ^aj ‘ JJ 4 ?r 

iojojoJj ajojl(^AjL*Aj c 2.3 X 10 3- M ajIS'o^ IjljS [H 3 0 + ] iJajojI jS ojU .4 


-14 


1 X 10” 

.»jojoj3-b pi iS [OH - ] .(— [OH - ] = __, = 4.3 x 10 -12 M 


.OjijOjjJu AjOjI jS pi (_£ pH ,o. 


2.3 X 10 -3 

pOH = —Io§(4.3xl0 12 ) = 11.36 


pH = 14-11.36 = 2.63 
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O jqjqijo.» JLou glSLi 


.OJOjOjJJj AjOjI jS £4j iS pOH 


pOH=-log(4.3xlO 12 ) = 11.36 


oaS"a«Voj jj jL*b ?AJulSjbfc jb cuiJ <Jb < j*>y aS^oj! bb .i 

pH<7 6^y& 

IojOjOJj 4jL>»^j ^4j CO 0.025 M ^aS^AjjI^A^- tAjAfc O Bcl(OH)2 L^OJ^^S^AjOjI.5 

.OjA^j 0JJj C->aS*AaVoj ?0wUA^5- I^AjOjI^aJ [OH ] (^LaAj .1 

[OH ] = [ Ba(OH) 2 ] x2 = 0.025x2=0.05 M 

yuuJ4 OH Jj* 33* *3 wiSdjdJLfAA ^XtfJ 

( Ba(OH) 2 ^dJudj^u jjj OH ) 


?.JU 4 * *5 1 $ pH tfU* ^ P° H ~ log(0.05)-1.3 

pH= 14-1.3=12 

.IjuaS'ojI^ (^100 mL a! ajIjijS CH 3 COOH a! 6 g c^l^jjb tS^j^ *6 

?0JjA^r aSojI- 

0 yjjj CH^COOH bb 4.2 X 10 3 M cAjIS"©^ eta (1) ^ c1^aS\oj (_£ojl a) [H^O"*"] ^ 0 ^(^I^aj .0 

.ojdjoJj (jJJ oaS^AaVoj ? 1 % a! 0 ^i*aS" jb 1% aJ 

jAJ d^jaUj AS^jjJjU^jLSAjjjU AiO.Ol M AjL&j 1M <U 1% 4) JUaS 

4.2x10 3 M 


?jT^T; jb C..«>0^ jlfe4j AS "y bb - 

pH= —Iog(4.2xl0 -3 ) = 2.38 

?oJJa^ aS' a£*<_£ ojl l£ pH .2 - 
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425b 4J 4 4Sj4J « 4&4$ ^Uttljb 


' v □! (*• 


















0 j<d<iSjo.» Jbu gl5li 


^<u 


pH j L; 


,4^6j| >( ^ ^ pH 4 j CujJ^6i jLjl^A^Jdj 4i* j4jLujb j4j ♦ jJ 


♦ jJt* cr^* J^. 1st csAP 6 j6j4-^U 




ItXtt 

H/n < z " * • H + + /«" 

J 33 — <JUiijS ^© 3 !ja^4J C**"* 


) ^jjUIj In © 

(jj^) 4 iY,l^f H/n © 

H/n j Cu^didjdj 4^*4-&p*4j H jJpjjJ J c3dj In |jl£>jj 4 J ® 

♦Oli%aljU<U ^g^>Sj J Sj ^yww^O6 d 4^i^J 4j 

jJjjj 4^5j5j^L^jlj iUJj CwJ d c J L L) jU j ol^ft J^jJjl^ H 4^ *LLAj ^ OH IjChij ^5 j I 4 J • 

«6jJj4j4j^5j5 j4.^jU ^L>4j Cod (iL o ^ui j OlS^Jd dL j In ^l^4oJj>lo j t j4JLL»V.iijijJ4 f 
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liiiiiil 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 




J-*j cS 6 jLS 




CSJU ^ j***U 

.v , JL- 

- jLa » 

jjj 


.£* jjj £did fjLCo i j5j 4*^U 4^ i pH Jjl^ <*J 4j 


.^*.*3 4 J c< S La y - ^4*>^> JLu4^o ^djdj^wjU 


♦jljLo> 4 j 5 J 5 J 4 ..WJ U -C 4 > 4 &C 4J 4 »C j ^ djdj^wrfU 


4^^4J 4 45j4J 4 4&Jj ^nialjb 






' v □! •* 






















^jqJqJjo^ JLou glSli ^^j^o^Loll 


jlIjJLu \S 4 .SnJ >j 4 J ijJll£j6j GwJfIjj&i CJj^J j»jiU ^V.mJT 4 j 6 ^ 5 ijI jr^”dJ Ajijt)J»[£ j 4 j ♦ pH 

. <iS i>j IjrS iJjAm* od> jji jlIjJJ ^<J,j IljL> pH ^U^ 4 j iji" 4 jI Cuijl^ 4 j pH 


o^djuuuulyf (^) 


* ^dJTdXio^ o^o^djuuLi ^50 pH \Sj^ ^<Xj ^^(2013—2012) 

O PH <50* O o 


jl^lj 

cr^ 4 ^ 


y Cu^plIjj'si a£ j4jI jJ j4j ^jlI^JLuli ,>j&u ^jl I^JiU : Lm* 

I jJul£ 4.^ 


tjjA*i U 4^" ^ pH jAS 

CJjJ f>3 IjUiS 

tjtjA* wiU \JjJ> 

j Jjl^J<U*i \£jj> 

6.2 - 4.4 

7.6 - 6.2 

J-ud-o 

J*Jb4j Jj ^ 

4.4 - 3.1 

4.6 - 3.0 

J-u4-o 

JJ-^ eT"* 

Ji* Ifi CJS / jZJ>±> ^jS $ 

10.0 - 8.0 

8.0 - 6.4 

LLflJ 

J J-^ l$jj- 

jl*<u iJ lej / c$AP 


5.5 8 pH jl^Jd) \£jAJZ>\£ <Sjtj c£jL# 


dj 1^1^ J ^y&j' ^ ^yjjjj Aj ISodjuo dj ^o^o^djujli ( 2013 — 2012) 

Jwdyo O QjJUaJyioi Q O JlSdJ^j O 

JjJd^o ^Jlddj' jj o^dJuuculyT 2 ^ ( 2016— 2015) 

pH 8.0-10.0 O PH 6.2-7.6 0 PH 5.5- 8.0 O PH 3.1-4.4 0 

^ OAjd^ JJ ^yjliui) ^50^1 JJ .AAllyf ^ ( 2012— 2011) 

pH 8.0-10.0 O PH 6.2-7.6 0 PH 5.5- 8.0 O PH 3.1-4.4 0 

:?oJJd^ QjJljLfiJyuLd ^o^djukwjlyf \$j\jj 2 ^ (2013 — 2012) 

pH 8.0- 10.0 O PH 6.2-7.6 0 PH 5.5-8.0 O PH 3.1-4.4 0 

: djLodJ joLT JJl^idjcu y» v^Jo^LTdj jJjJd^o ^Jlai' jj ^o^o^djuob 2 ^ ( 2017— 2016) 

oUff^O HCI,NH 3 0 HF, NaOHQ HCI, KOHQ 


L J 
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&y6-ij * iSj4j i &jj yutfljb 


*S) S3 


















O j<dqjjo.» Jbu gl5li ^i^jio^Loli 


cJLcl^* 4jI J S>j4jjCfcjU ^do c< J j4l CCoSi jj|jLiiL ^4^ , pH 4l jl jj^ ^Lb4j I JuJuI^J<Lmj ^Si j£ ^IoSj4*^ 4 J | 

jiiJ^!j j U> c l o OH j H 3 O 

( ^XJu e< J j4l jLiL Oli'si iLj pH sijj sijj loSj4-yj ,IJuJul^JiUo ^sij^* 4 I ijtiSsLZijj lilCuC <jJLcl5* 4j jX V 

♦CJCsi jjl 4 ^4j jjjiLj sj4jjjj& jl* 

.Ijb 4 jLjL^ ^^4j ^jCJbSijl^*4j ljuJul^j4_*i ^Sij^*4l ^4jSjlj\£jji j4j 4£*(^4llC) ^4do j4l 4*CjjJ Ub 

^jloi CojJjI ^jlJ&jL& SjSj4**>U j pH ^^Colo J 


♦ I C JJ ISw 4 .mj ^Siij^* 4J CojJ^ Si I-Co ^4^* SjSj4w^U ^^jSj 4^ 4») 4.11> j4j 


1 clJo jj Jj L& j ^J^ojj JjI^ l< j_^i L jL*<^ 4 j ^j;S* 4jSjL*0j ^jl^Sjji^jl^* SiiUo ciliSijjj cLol^* ^jjjj ^ j »C^ jU^ 


L J 


. <Xj Cjoj5'oCj jb*i QCil&duj ^ 50 ^jJf dj ^ ( 2016— 2015) 

o^ojdjub ^ pH ^djI^ jl» ^jjuoL (^) o^o^dxoU (^)^di I^ju ^obLo (^} pH ^dil^jo ^jjuoU (^) 
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4JCo^u 4.J J. 7 4 J CyoSi cbjj ^4^s pH 4^ Co i (ilC j Cljjlj j ^jC, JJjb4j ( ^CAj j JC$4^ ^Ci jj ^ J i ^.Z^S j4_f 
( SjL> J Sj4CC o ^4JC*> 4.1 cJsj).Cojj^Si 7 ^ pH ^jd^jjjSidl 4,1 ^jLoI£'4^jSj 4^ Co jJC^jj1^4j 4jI jSjLmjU j4j 
, 4.Cjj) 7 4-f sJuo4^ ^4^ S pH 4^ Co i d*o Cbjlo j ^ J ^J*l^4l 

(sjLi Sj4.CC ^4CCC 4 I oJsj).Cojj^Si 7 4 I JL&a£ pH 4 I jLc 15*4?JJ 4^ Co jJC^Jj li'4 j 4jIjSjLoU j4j 4CmOjC 4j 
Ajjj , 4Cij) 7 4 J SJjloj ^4^S pH 4^ Co i cllj cbjlo J J^^4j j j*J* ^ jj ^ij£.*c£jlj& ^jl^4l 

4C^i j>*o 

( SjU i Sj4CCo ^4CC > ^ ci Sj)» Co j^j^S i 7 ^ ^jUj pH jl«ol^ 4^oj Co j * ^ ^ 4 jIjSjLoL) j 4^ 








(-) 


0 





4 45j4J 4 4&b^ ^nialjb 


*S) S3 

































^jqJqJjo^ JLou glSli ^isySoslolj 

4jIIjI jdu ^y+J> jL& 4^J j> ♦ 4j y+J> ^ j ^ jj jlIj^J Jtjl5w4*4 Jj 4»J ^4jdjdj4^U £^d' 


.<lJ jl 

♦ 6jljj|j (^ijj JJJ ^£4^<LJLyj4i> 4^ ^4 j4j6jI^^ j<J 4*Jb^ 

4-f c< ? > 4j|_»jj i^&jLr^ 4 J jj^LjJi Jj4j L? Jj|j£jtfjl> ^£?4 jIjJ ^£6^Lo 

. I Ju JuL£j4*j j£ 


j^XM x V x n) = 


♦ ^ «Aj L iM.' ^ > 6j L - J Jj ^jJ J Jj 

?(M' x V' x n') 

j $>j2 jl*±> : M A 
J>jj&jLaj :V .2 
c^>* : ^ J 


CUj ♦ M 

c«£j ^j>jLa 3 : V" ^ 

JLimi^J j JU L» ^yjjb ^>jL#j ♦ n ^ 


jljj|j4j < ^^y.uL> ^ HCI 20.0 mL <ul^ 0.0154 IVI Ba(OH)2 <*1 27.4 mL ,Ij^..j jj 1£j <l*> 4J 

5&Ju4> 4^ 4Jj jj 5j Ij^S" LL ^£JL> 4JLyJyj4^jj 


0.0154 M 

? 

IVI ^Lmi4> 

27.4 mL 

20.0 mL 

V 6jL43 

2 

1 

(n) 


0 *j-> 


(M x V x n) = cXM' x V' x n') 


HCI (M x 20 mi x 1) = Ba(OH) 2 (0.0154 x 27.4 mL x 2) 
0.0154 x 27.4 mL x 2 


HCI = 


20 mL x 1 

Lb ,NaOH 4J 30.0 mL 


= 4.22 x 10” 2 M HCI 


0.0100 M HCI^jlX 20.0 mLX^ 


5&ju4j* 4^4 jjL sjl 
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425b-4J 4 4Sj4J « 4&4$ ^Uttljb 


*S) S 3 






















O jqjqjjo 1 » JLou gl5Li ^i^o^LoU 1 


? 

0.0100 

M ^Lhj4> 

30 mL 

20.0 mL 

V &jL<u 

1 

1 

(n) ^jU»j 


^(M x V x n) = cis(M' x V' x n') 

HC1 (0.01 x 20 mL x 1) = NaOH (M x 30mL x 1) 

0.01x20 mix 1 

M NaOH =-—-----= 6.67 x 10“ 3 M NaOH 

30mL x 1 

LiOH 0.0165 M mL H 2 S0 4 17.6 mL , aJ| 

5 &£a£. jj sjl jS o LlS , olS'o \J~~f jl® 5 


L J 


0.0165 M 

? 

IVI ^Lhj4> 

27.4 mL 

17.6 mL 

V &jL<U 

1 

2 

(n ) 


^(M X V x n) = *to(M' x V' x n') 

H 2 S0 4 (M x 17.6 mL x 2) = LiOH (0.0165 x 27.4 mL x 1) 


H 7 S0 4 = 


0.0165 x 27.4 mL x 1 


17.6 mL x 2 


= 0.0128 Mtf 2 S0 4 


qXjIsjU 4.2x10 M KOH 15091 \jjS 71.4mL jaTaj HNO 3 lO.OmL <xr i ? ^( 2017 - 2016 ) 

I V OjjdCi H N O 3 ^ 0^1 JjS I^ JdhfdJ iliJJ 04 

0.003M O 0.03MO 0.06MO 0.015MO 

^ 091 ^ 115 mL JaTaj ^ 428 mL^AfAj oas-jo. Ca(OH ) 2 ^( 2014 - 2013 ) 

jLSb 6.7 x 10 ^ A/ HNO 3 

9 x 10 -4 M O 6 x 10 -8 M O 8 x 10 _4 MO 2 x 10 _4 MO 

2.5 X 15091 ^ 20 mL Jxfaj ^ 10 mL^Ai oAidA KOH ^( 2015 - 2014 ) 

’ 10 3 M H 2 SO 4 . 

1 x 10 -6 MO lx 10 -2 MO lx 10 -3 M 02 x 10 -2 M O 

,djdjb HCI 15091 / >jl 5 ' 12 mL 0.01 M aj Ca(OH) 2 150 ^ 1 ^ 20 mL ( 2012 — 2011 ) 

^yuiod^ bb 

0. 03IV 
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« 4£j4j 4 0 n<«ljb 


' v □! •* 
























0 jqJqJjo.s JLou glSLi 


^ 1 ^ 25 mL Jifdj & 20 mL^f^ oAi-xa. NaOH ju^ w y> ^( 2013 - 2012 ) 

v^^_j ) jjuuij'jifc 0.08 M H 2 SO 4 

0.2 M joSioj^) 


\jAj tj Aj IJ Ai > fa■ > Aj jU J JJ IJ L Oj tj li -0 aI j Li-'. i^j aJ jA^ Aj 

Aj .'j.'jl ^> <^4jL*L ^Aj 

^X 11 x n 0 = c^(n x n') 

a£ a s J q ^j-o j L «3 , aSAmjS - n ® 

■ L ....- ' - jj-b U ^ 8 j^j • n ® 

5 I- > Jn. JJjL£j Am a! ol £tt ij **£jLfe Ca(0H ) 2 a! J>e JC<U> H 3 PO 4 <*J 0.2 4ITIOI 


H 3 P0 4 (n x n') = Ca(0H) 2 (n x n') 
(0.24 x 3) = Ca(0H ) 2 (n x 2) 

, N 0.24x3 
n Ca(0H) 2 =-^-= 0.36 mol 


L J 


ijjjj Aii^idjiu dj QMJLr^Ub Ca(OH ) 2 j^o jjd^ H 3 PO 4 dj 4m 0 ! 

^ (2016- 2015) 

0.36 molQ 

0.06 mol O 

0.24 mol O 

0.12 mol O 

VlJJuu JsilXidjuu dj i-uL5*0^ KOH dj J^o JJd^ , H 3 PO 4 dj 

0.4 mol 

^ (2018- 2017) 

1.2 mol O 

0.2 mol O 

0.24 mol O 

0.12 mol O 

M4Jjj4jl£i4Mi cij HCI 4J 

0.5 mol ^>?ojjd^ Ca(OH ) 2 ^o^Loj 

^ (2018- 2017) 

1.05 molQ 

0.25 molQ 

0.10 mol O 

0.5 mol O 


< 2-4 ) <>.,45 


ou 0.010 M Ca(OH) 2 ^jl ^ 20.0 mL 3 
HC1 I12.0 mL jLa ajlujXh 

Sd-U4^. *£ HC1 <56jL^£ * 

djlj&UAaj 

(_£AjLo<^. jKti -V 1 ^ 1 11 .4 

J^&JO..10 M NH 3( ^6jl^50.0 mL 
.^A^O.IOM HC1 


2-4 


^4_jLo<J ^ 1 \\l *\ '4 ... J_J jl -y 1 ^ajaj<-ujLj *1 
jb*^ ^5^ J •' 

0 -^, 0.0100 M HC1 tf6jl^ 20.0 mL j&i .2 
« NaOH 30.0 mL jLt jj jjj 

NaOH 
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4 4Sj4J 4 


' v □! (*• 





















^aloijoi JLou gl5li ^i^o^LoU 1 


U*~* -3 J^" 4 - a • I 


^(M x V x n) = c^(M x V x n) 

CJS I M .4 

Cus , jiji ^6 jL<*3 : V .5 

^ 3-0 ^sjLoj , |.j ; jjjj ; )L» ^yjjls : n j> 

^(M x V x n) = c^(M x V x n) 

HC1 (0.01 x 20 mL x 1) = NaOH (M x 30mL x 1) 

0.01 x 20 mL x 1 


M NaOH = 


30mL x 1 


= 6.67 x 10 3 M 


jiXM x V x n) = ci3(M x V x n) 

HC1 (M x 12 mL x 1) = Ca(OH) 2 (0.01 x 20mL x 2) 


0.01 x 20mL x 2 

HC1 = -——-— - = 0.03M 

12 ml x 1 





... 

. ddj uli*JLu ^jLS pH jLul£4&d) 4£ i4jb$j jAj .34 

jLx.jb 1^1 

>j bj <Lwj Li IS 

^4jlI jIj IS ^LjijaUri ^1 jIj ^&iiLo ill 

:uJ#^!JUJ djdjAwlJ £d pH .35 

Sj 1 1 ^Jj 1 IS 

pH ^ 0 


: 4j djdjji^’ <U jL£d$d)Awlj .36 


Amuijjbj 4JL*>jjJuU IS d£>jbj m 


tiJm Mi j L> dj J.A 


36 

35 

34 y 

11 

© 

© j 
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« 4£j4j 4 4&j 1 o n<«ljb 
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O jqja3jo.s JLoozt glSli ^i^>So^Lolj 

1 $ dJU4£ £dj\&)\p t .37 

pH 8.0-10.0 0 pH 5.5 - 8.0 © pH 6.2 -7.6 H pH 3.1-4.4 13 

$ Jj&jjAjjJ (jjuJu ^djl .38 

pH 8.0-10.0 0 pH 5.5 - 8.0 © pH 6.2 -7.6 H pH 3.1-4.4 13 

$ dJjte jLu\^ .39 

pH 8.0- 10.0 0 pH 5.5 - 8.0 © pH 6.2 -7.6 H pH 3.1-4.4 13 

$ JdUA* ^djl .40 

pH 8.0-10.0 0 pH 5.5 - 8.0 0 pH 6.2 -7.6 H pH 3.1-4.4 13 

uJ:;LS<U bjJiAAJ J jl&AJ 4^wjJ (jJdJl&Aw A) ;£4Jd$djAulJ .41 
|DJ |CJ la J»u<Lo |A| 

uj^LSaj bjoAAJ j jljV ^ujJ ^jjJuL^j^w A) jAj^42 

111 l£l 111 J-U4-0 HI 

uj^LS^j bjljV j ^ujj ^JuLSjAw A) ^AJdjdjAwb jAj .43 
[HI l£l B JyUtUo I^J 

t jiidi uJjjiL44 4 ^u</^ ^SjjJ J^SaI diljLS JjJ j4j .44 

|D] L»Sjl^4j H] 4_i*! H jL* 

LUjJd^b.4 j u^j-JmjJ ^JuLSjiU, .45 

*i. El jj^iJ'jLjfe 0 jUiS»jJ ^■ < ^.. S -J IMJ bjA*Jjj£ dS Aj 0 

juLSdi £>ba.jji ipjbAS u^j-^jj .46 

^pjbjijb 4jl^> lyOi.y^" ill 4j<Ub Lj u J^fjpiO ^jLocUb ill Ji^. j bjU 111 VJpyOJL ,Jb l^^l 




s UJj£d4 .^ ^ Wiib - .47 

jLLwj4j 0 111 ^jj> IS 

jubd^jjjpH ^b4j ^SoJljjS t to NaOH jHCI ^tjiS .48 

JUI^J<Lm) ^djLo Jj4>dj HI ^ 9 i_pjbj(jb OH j H 3 O 1^1 



Oljbjjj IjuJul^J^Lw [DJ tjijjij 5jIjr3 j |P‘J 

?Ij 0.400 M NaOH 40.0 mL 50.0 mLj^ <dj<b- HCI..iu^ .49 

0.280 0 0.200 © 0.320 H 0.400 HI 

SijjjSiSilA 1.22 M KOH ^1^76.0 mL 125 mL j&ii HCI .50 

0.742 0 0.617 l£l 0.455 H 0.371 HI 

Sb 0.0904 M HN0 3 ipjlj^ll.l mL 4.37 mLj^ »JjAf NaOH ^Vj* -51 

0.230 M 0.355 l£l 0.620 0 0.460 HI 

*.b 0.505 M HN0 3 ^il^S261 mL 'JiZil&$ 1900 mLx&b iJji* Ba(OH)7^«l»g^)Vi« .52 

0.0222 0 0.01110 0.0322 0 0.0347 HI 

H 3 P0 4 (pjLgS 118 mL^AJ^ili^Aj 0.00804 M NaOH 114 mL^<0 J| 

0.0105 0 0.00777 0 0.00518 0 0.00259 0 





53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

m 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 




tiyo-ti i 4 &j 4J i &Jj 



^ □! (*• 















^alnijoi JLou gl 5 li 




. Z C Y cX^^ju 


!ojfijO»Aj Loy ^ 4 j ^y ^foj 

J—^ji>y ^y <_£ pH (^0jL«4^t (_£4 Jjj tOjOjIy>- 4 J 1 j .1 


OjJj _ j 5 y y JU l&<U»» ^ 0 jU<Uj- 



?ol^ 0 ^ Ol*iwJ (^jlkjLfc CCL.»aJ 
?0^L)j y*y I ^ 4 J cl^<LoJL^^ ^4J . <« 


f 

Y 


Z 

•c 

X 


?d^ljj d.«i! ^ 4 J c^ 

ijl^jijb^ yUoy *J ;ojojoJb ojojl y?- y<0L*»y ^4 j *5oj I Aj 4^- 

yjjYy® 3 ^ (^A*^ 5 "jjJuIa ^ojly JJl^J<u^ (_£j_k ^ 3 J * ^ ^*065 M HC 1 ^y 4 jl^L ^S^AjojI «2 

.4S"<Uiy 10.0 mL ^y ^ J>sju £jLfc y ^£ d-il 25 .0 mL 4 j yL*-ayj jA^Aj c^AS^^-wjlLojAjly j 

!<Lu»yyJ 4S*4^JlJjlS* (_^4-JUl530fc .1 

Ccl(OH ) 2 + 2 HCl -> CaCl 2 + 2 H 2 0 
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« 4£j4j 4 4&j 1 ^n^ljb 


' v □! •* 


















O jqjqijo.» JLou glSLi 


(M.V.n) ca(OH)2 = (M.V.n) hci 


Mx25x2 = 0.065x10x1 


?o.xjA^ Ca(OH)2 i <oj>'* 


0.065 X 10 X 1 

M = -—— -= 0.013M 

25 X 2 


?oJjA^- b aS~ 0J 1 jS JjjJ aJ Aj aSaXA) ^ijojAjlJ}j 4 ^a£Aj»VoJ Aj .^- 

mol = M XL = 0.013 X 1 = 0.013 mol 

a1*jU = „}>• 4l*jU x moZ = 74 x 0.013 = 0.962 $/L 


jS ^ 1 (J i^Jj^Ij pH (_£jA^*^ 4A>- ^jjj Aj ^J>-A~j>- ij Jj I^jA^j COjOjA^wU J^jAj L L ~ly I jJOi 3 

Oj\j^ Aj j \JL~[y> oj-j ajAS" aSj-II) aJ i_> aS"" 0^1 ^jlj V Ojl ^3* ^JLfc Aj i^..Ti1_Cj jAj 

JJi jAj (_^0jAj1 >. AJ_L&jI£~Aj O^OjI jJ>- (_£AjJJl^jA_j ^Aj iCJ^5*0.3 Oja£"a5jJaIJ aJ ^aSojI 

. 30.0 mL = IjaSo yojAj KOH(ac/) ^3jLaS 
. 0.50 M = bAS'Aipg aJ HCl(ag) ^jV> 

. 27 .8 mL ajIS"o^ KOH aJ aS*ojIA- iy (^aj!jaS 4 b 4 10 pH aJ o^bo^jjj 0 ^ aj!j^£" a£” 4 bAj jaJ 

^oJjAse- b ^aJ [HjO + ] j [OH - ] lS»Jjja3jj« .1 - 

KOH AJ OH - ^itSAjjjlj i«jUj aj ajUSaj HCI AJ H 3 0 + ^AjjjU^Uj 1:1 


^ISA-JjLjlj ^jLlAjbAjAj oJjAj^ KOH VJJ. ,4-J - 

M.V.n koh = M.V.n hci 
Mx30xl = 0.5x27.8x1 


0.5 X 27.8 X 1 

M = -—— -= 0.46M KOH 

30 X 1 
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' v □! (*• 















O j<dqjjo.» JLou gl5li ^i^jio^Loli 


'.QjOjoJj ^Aj Jljlj&jbi a! ! ^ aO^ 4jjj^ 

IOJOjOjjJj jlSojll_fc4j .1 

1 x 10 4 -M = [H 3 0 + ] *S *Jv»jI jS iS pH .!- 4 _ 


?o-Ga^ 13.0 (_^d 5 *o pH aS" ijAjoj![H 3 0 + ] .wj - 

?»a** ^ 1 x 10- 5 M = [OH - ] «r ikyl J 15 [h 3 o + ] , c . 

JjA^r 4.72 (_£aSo pH a 5 * ikojlpOH .i - 
1.0 M = [OH ] (_£a£o pH aS" ildjojl j£ ^ pH .a 


1x10 13 M 


lxlO -9 M 


9.28 


pOH= —log(l)=0 


pH = 14 - 0 =14 

fco** .6.25 X 10 -9 M = [H 3 0 + ] aT ik.o,lpH JpH = -log(6.25xlQ -9 ) = 8.2 

pOH = 10 234 = 4.6xl0 -3 M 

?oJJa^t cc-Jj 2.34 So pOH ^SojojojjJj IjajojI[OH ] .«—>- 

?0wij4j%- (_^aS"o [OH ] 10.5 (Mg(OH) 2 ) (_£ j~5* (£ pH - 

[OH ] = 10~ 3 - 5 = 3.1xl(T 4 M pOH = 14-10.5 = 3.5 

.oJU jLi*j a! oa^ojIS^ j ojojoJu ^o'Scij : JJa?7 

. c^jojojoJj4JLun»^j ^4j tta 0.0012 M H 2 S0 4 jS ^jISaJ 3 

.b h 2 so 4 aJ [h 3 o + ] (^uaj ,t 0,0024M 


4.1xlO -12 M ^Aijjj 


.b 4 j 0 jl^ aJ [OH ] <^lfcAj > 


.AjOjI^4j i^C, pH (J^L&Aj .^ - 


pH= —log(0.0024) = 2.62 

iUjjj^jULj £$Ij4j 4J jJj|jjj|j <U >J 

0.0024M ^jjJuU ^jJtJ 4 j 4jL£*j 
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« ASjAj 4 A&jI 0 n<«ljb 


' v □! •* 



















0 jaJqJjo.s JLou glSLi 


: 0 I/Ba(OH ) 2 44.45 mL J4W 0.150 M HC1 25.0 mL <d .4 

,<u* jjJj a53j 15” j»4j _jU> jU .f 

_ Ba(0H) 2 + 2HCl -* BaCl 2 + 2H 2 0 _ 


aS’aIAj Ojl j£ J- 4 . <-*> - 


0.042M 


.200. mL oj^j aSoj!^ jUS j a] H 3 B0 3 y 3.09 g »5 


^oJuAs^ a£oj!, t - 


0.25M 


^15* COjAjIS'o^ Ojjj jAA aS” Aj4»JuI5jU b jAj (C<J^jj^jljO^ l^Ljpljj^S ^^AjOjI^*5* H 3 B0 3 

?A1>yjjA; (^aS^A^JjjIj (_£a!j jLpUjS 


W RD _L M n 

> 14 n+ i H pn -1 

n 2 bU 2{ aq)+ n 2 U {l) 

> H 3 U (aq) + M 2° U 2(aq) 

M R/l -1 _i_ f-f f) 

% 14 n+ i nph~ 2 

n 2^ U 3(aq) + n 2 U W 

^ M 3 U (aq) + nt5U 2(aq ) 

MPn~ 2 1 HD 

y u nt v 4- pn~? . 

nt * U 3(aq) + n 2 U (0 

* M 3 U (aq) + tlU 2(aq ) 


4-U>jjj4J ^luJjIj <»4S4J 


? pH—4.90 ja£*Aj oJjA^t y (_£ojl aJ [H 3 0 + ] (^L&Aj 


yJjJjJlJdJ 1% 4) juAS 

? 1% a) O jL oAS" jb 0j->jjj H 3 B0 3 (^£0jl j£ (^£>Uv <S 6 jiJ ^ ^ - 


« 4Sj4J « 4 £u£ ^lwIjU 






















O j<dqjjo.» JLou gl5li i^iajioaloli 


120 2 


Jjj pH jik. ^^jL»La<j ^aJ .9 
pH = 9 .£ 
pH = 13 .j 


pH = 1 i 


pH = 5 .o 




jjj ^Y'h 4 ^ '-)»j'-^ tsj'-i *10 

^j'jV 

(jW 1 _j ^_>l_jlj aJ .-..^a >A a .11 

IjaJjaX jjj olfcH ^ 

J jb^k^- 1 *3 [H 3 0 + ] (jLa<-> i .12 

SdjjA^ ij 25°C 

vJaj I ^£a_>aJL jj-aA_A aJ A^l_AA_i LjLj .*_» 

q -LT^^ J *j< V\\\a *J 

A_uj^j ^ [H 3 0 J ^l_AA_i A rii_i.f>4_A .1 .13 

SaJLujIj 

[H 3 0 + ]*U M AJjaJuaA _A u 

Slj 25 c C ^a-ajA^ ^aJjaJ ^aJLuIj 

.AJAjA^j <jjjj 6jl^X ^ pH aJ Cj^uAjA^o .i .14 

(_£6jAjj jj J aX A_ujA-iajL^^A-j Ajj \\.\j\\ jA_j -o 

.c4jjI£^» pH 

^Ja^jAjLa^ 10 ^A m ^_j aJ Cjj-uA_»A_a .£ 

.Aj&jAXj dlA_jA_jj^a_> A_» Cj4XA-oVaj SA 

AJ <aXj ^jl_»J jl^X ^aJ »JAj jA_A .1^ 

Sr*i*X jLa ,JLj C*Aj a^Ju^j LjLj (Ij 25 C ^^xajA^ ^a_L 
[H 3 0 + ] = l.Ox 10- 7 M j 
[H 3 0 + ]= 1.0 x 10" ,0 M .O 
[OH-] = l.Ox 10- 7 M . E 
[OH-] = l.Ox lO" 11 M .j 
[H 3 0 + ] = [0H-] .j> 
pH = 3.0 j 
pH = 13.0 .j 

^A^IjjLa ^A_J (3-4) A~1 tu\ aJ Jjjo*iA_i .16 

:A ^JhU JJJJ J*J*-i PH ^^UA_> ^ 4Lj 


AjLjAj 

J 

A<1\ A j 


•j 

^1a-j .O 


•c 

AJLoAI 

^iJ Aj 

.la 

JJ<*> . J 



jj- 9 •■* 


A _'_' -v ajAjAjxiIj ^3 "i^A >A a . 17 


aU jj jIjjJ^la 


^<jLa aJ .*Ij^a j jlj w[1 ' ^jLj . 1 


OH- 


G 


JJ ""J- i_>AjljAj JJ-sA-A -J 


H 2 0 i 
H,0 + o 


. 0.0010 M HNO, ^.jl & pH 2 


4.0 


3.0 .o 


yj l_>\ 7 aJ ^aJSa pH ^a \l JIJ J ^ a*-J ^ 3 

| [OH-] = 2.4 x 10-2 M j 


[H 3 0 + ]= 1.53 x 10- 2 M ,o 
0.0001 M HC1 
[OH-] = 4.4 x lO" 9 M 


G 


NaOH (^jIaaj j~ c~> ^ pH ja^aj .4 

^ d jAAj j j Jj AjajI jAj ‘JJ-»l>»lj 

[H 3 0 + ] . e i 

AjljAj jjaAj^ .J [OH ] -O 


7.0 aj A_iLu^A_» H 3 0 + ( 


.1 


. Jxui^jj J_> 1—A 


,A_)Ijl3 \jl A 


<S^> J 

Ja^aJ HN0 3 aJ ^A_ij^^. jAj .6 

AjLoaJ a^Xa j (s jjj aILij Llj^aAj 




Sajja^. pOH ^Laaj <6 6.23 v^A-jajl^^j^ ^ pH ^Laa^ .7 

6.32 J 


7.68 


•£ 


2.1 x lO" 8 .j 4.8 x 10" 7 .0 

:aJ»LoaJ ^X^a_jA_» ^Laa_» 8 

.1 jaXAjajI^X aJ sJA_ijjji. ^6jA_jjjl^j .1 


.^jA^ ^a1» O 


b^ 4 -? L^JJ^ J 
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« ASjAj 4 A^ul 0 n<«ljb 

























0 jqJdJjo.& JLod3 gl5Li ^^jio^Loli 


♦ 4,*o4^ jjJ jL> 6 jJ^>4J ^v1^4jJjjIj 4^J^«> ♦ 10 

•JjV>° 4 j 4^6^Lo ^^4^ 41 

1 x 10 -7 M:f 42 

JJJ ,^-©j4^ t^^JL ^6 j4jj^jj4j4j ,jl>4j .*U 

[OH - ] *J [H 3 0 + ] :f 43 
1 x 10 -7 M J tjtjjJ [H 3 0 + ] :o 

. [H 3 0 + ] JL> Ub ^ ^ 10 du J Li 9^*1 ♦ 14 

:o 


pH = - log[H 3 0 + ] 


♦ 4^6jLOj 4j Cw jL**^<U ^L* 6j4Ju^&,3jj4j ^ 10 4^ 4 j4j|jj j4j 


j\mb ♦ I ♦ 15 
cXAj ro 

lAP : a 

jU :* 

lAP : J 

CJj *j 

^ , J? , i , d, j,* ,^,o,j .16 

.C*Jjj£'a ImLmJ &j&j4»^Ij 4^* 6 pH .17 

jL ^Sj&p , jji* ^ jL jji* ^ <^AA - jAh jfij4-^lj .18 

.£*jjj£ a dSbj6jd**j[j 

♦ P H LmJ^j 1^4j4j ♦ I ♦ 19 

.pH ^1^4 j 4j Oli&ijjj »0 

♦♦ I JU JuI^J4_«j 4 J £*jjj£b$ I JLu 6 j6j4»»^lj ^SsJij <iS 4j44Ju j4j I I »20 

♦ ^i4JuL& < ^J*l^4j CujJ^j ^4^4^j6j ^ to 

♦COI Xu ^ P H ,^4^6 j6j 4^)U ^6j4,JO..t|j5 < 
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43^4i 4 4Sj4j 4 4&bJ t^IttljL) 


*S) S3 

































1.0 X 10- 3 MHNO 3 O 
1.0 X 10 -5 M HI .£ 

1.0 x 10 -4 M HBr .J 

pH. [OH - ] Jijl J (^OL)Lj6A_) ^Lj4_j .26 

1.0 x 10 -6 M .i 
1.0 x 10 -9 M .u 

1.0 x 10" 2 M , t 

1.0 x 10 -7 M .j 

^aJ a^AjjA^ ^ pH .27 
0.1 X 10-2 M NaOH .1 
1.0 x 10 -3 M KOH o 
1.0 x 10 -4 M LiOH .£ 

[H 3 0 + ] ^La<j j4j ^ pH .28 

•( 3-4 u^Ji ^bj-i) 14 ^ 4 - 4 jL> t5<jL> 

2.0 X 10-5 M ,i 

4.7 x 10 -7 M ,o 

3.8 x 10" 3 M , £ 

tf [H 3 0 + ]. pH ^Aj A_i ,29 

■( 4-4 (jjAjjjjii j-4 ob^^j 4 - 4 

11.0 .£ 3.0 ,i 

5.0 .j 7.00 .o 

tf [OH-J. pH (^6j6jljiw ^4j ^2L>A_i *30 

4.00 . r 7.00 J 

11.0 .o 


Z 

6.00 .j 


pH ^I_AA_j 6J&J6JJ Si 4»jljl^i£ jA_j (g [ H^O + ] 31 

•( 5-4 ^Ijj-*) ; C4-J^ o^ 6 J 6 J^ lS^ 

9.48 z 4.23 j 

7.65 .o 

<jj-i 2.70 dLjiLij pH 32 

: 6 j 6 j 6 jjJj aj&jljA. ^<GLoAJ 

[h 3 o + ] J 
[OH-] o 

J-i ^^ijU <S HN0 3 ^ISaJj^j .£ 
5.50 L, ^_>jj^6jLdLi 

lj ^jUL>A-A j aJ HN0 3 ^AJLujjLj .j 

• 6 jb^ lT^-I 


^jdJqJjo^ JLoaa glSLi ^isjSoslolj 

^i6>j Ajl^JjlS pH ^l_ 4 A_» ‘ 6 jA^J .18 

^6j6jAm<L 

4j OjA^J (JjIj J CiAjl^JAJ .i .19 

.<*6jl^ (g pH (jL) <1 jjjjl^jA-ui ^£a_)&j4_j JjfLiiLi 

Y\ Ajl^A^ 

t£ 6 jWj 6j Lhi^J ^ i V 1 - 1 . 1 ! 1 "* chH^ aJ o 
dLjjj ^JjL^jA^uj > aJ A^ < dJA_j6jl^-i^ <_£ pH 

S&jA *I\ i > 

SA_xa^. (Jjjl^jA-ui ^_1 aj aJ Cj-ujA_»A_o .1 .20 

SAIjjjjl^jA-uj aJ 6j6jAxuLj -O 

^AjdjA_fcuLj A^ A A_)A. > jA_j .£ 

SijjJ j1^jA_«j aJ 

J 4 - 4 ^ ^ (5jW J pH <j\-A<-} .21 

: JaJLoaJ a£ ^j^lSjA^, ^a^aj j£ Jj*. 

LT^>» Ob^ lt^ 5 “3^ a -I o^ 4 -? tr^ 5 - j^ 4 -? 

(5J dJ ‘J jb^ ur 1 ^ 5 ”jb^ O** 4 -? “jb^ 

3-1 6j6jA_u.L» AjLj 

^Ual^Ajijj jj a >jL£a_i s_j 9-4 ^L» I 9-4 6j1«j .22 

ob^ ^ 5 -^ / j^ 4 -? pH ^jUAja. 

^ Q b Q Aj A^jIjxuL)AJ> ^^A_ja j l^.i^ .23 
((Jjju-fl (^6j6jA-uilj JA&J ^Va_j <slUJ6J 

^L_AA_j ^6jAjjjj J jj A_ijjLulj ^A_j <c4-?6J JJJ- 40 
Ajuo^. aJ A \\q >jl^A-> A^ajl^i^ ^ pH 

6-4 


djj-U jJ 


PH 

6 j 6 jl^ik. ^AjLoAJ A^A_ijAJh ^ [OH J J [H 3 0 + J .24 

: (1 -4 ^ji ^b^) 

0.030 M HC1 .1 
1.0 x 1 0 -4 M NaOH .0 
5.0 x 10 -3 M HN0 3 .£ 
0.010 MCa(OH ) 2 .j 

Ajljjj^ ^AjLoAj 4 J^A«}jA_A pH .25 

:( 1-4 

1.0 x 10 2- M HC1 .1 
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4 ASjAJ 4 A&jI ^nailjlj 


C3J (*• 













jjjqJ ljo.s JLou glSLi 


i Jj;4rtob ^ ^ pH j 4 j 


6j6j4*»U 


Js»*- lSjj— 

3^>j^ 


>*JL* c?-“ 




j4 - 




.22 

8 jb7 .23 


HC1 + H 2 0 

1 mol 
0.030 M 


Cl 


+ h 3 o + 

1 mol 
0.030 M 


[H 3 0 + ] = 3 x 10 -2 M 
[H 3 0 + ] x [OH - ] = 1 x 10 -14 
3 x 10 -2 x [OH - ] = 1 x 10 -14 
1 x 10 -14 

[OH - ] = -——- = 3.3 x 10 -13 M 
L J 3 x 10 -2 
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NaOH - 

1 mol 

1 x 10' 4 M 


-► Na + + OH' 

1 mol 

1 X 10' 4 m 


[oh - ] = 1 x 10 -4 M 
[H 3 0 + ] x [OH - ] = 1 x 10 -14 
[H 3 0 + ] x 1 X 10 -4 = 1 x 10" 


-14 


hno 3 + h 2 o 

1 mol 

5 x 10' 3 M 


NO) 


1 x 10 -14 

[H 3 0 4 ] = -—— = 1 x 10 -lo M 

13 J lx 10 -4 


+ H 3 o + 

1 mol 

5 x 10" 3 M 


[H 3 0 + ] = 5 x 10 -3 M 
[H 3 0 + ] x [OH - ] = 1 x 10 -14 

5 X 10 -3 x [OH - ] = 1 x 10 -14 
1 x 10 -14 

[OH - ] = -——- = 2.0 x 10 -12 M 
5 x 10 -3 


425b-4J 4 4Sj4J « ^Lwljb 






' v □! (*• 
































^aloijoi JLou gl5li ^i^o^LoU 1 


Ca(OH) 2 + H 2 0 

1 mol 

0.01 M 


Ca +2 + 20H" 

1 mol 2 mol 

2 x 0.01 = 0.02 M 


[OH - ] = 2 X 10 -2 M 
[H 3 0 + ] x [OH - ] = 1 x 10 -14 
[H 3 0 + ] x 2 X 10 -2 = 1 x 10 -14 


[H 3 0 + ] = 


1 x 10 


-14 


2 x 10 -2 


= 5 x 10 -13 M 


HC1 + H 2 0 

1 mol 

0.01 M 


-►Cl + h 3 o + 

1 mol 

0.01 M 


[h 3 0 + ] = 1 x 10 -2 M 

pH = - log[H 3 0 + ] = - logl x 10 2 =2 


25 


hno 3 + h 2 o -► N0 3 - + h 3 o 4 
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1 mol 

0.001 M 


1 mol 

0.001 M 


[h 3 0 + ] = 1 x 10 -3 M 

pH = - log[H 3 0 + ] = -log 1 x 10 3 = 3 


HI + H 2 0 
1 mol 

1 X 10' 5 M 


+ H 3 0 + 

1 mol 

1 X 10' 5 M 


[h 3 0 + ] = 1 x 10 -5 M 

pH = - log[H s O + ] = - logl x 10 5 = 5 


HBr + H 2 0 
1 mol 

1 x 10‘ 4 M 


-► Br‘ + H 3 0 + 


1 mol 

1 x 10‘ 4 M 


[h 3 0 + ] = 1 x 10 -4 M 

pH = - log[H 3 0 + ] = -log 1 x 10 4 = 4 


4 ^nialjb 






^ □! •* 
















JLou glSLi 


:f .26 


[H 3 0 + ] x [OH - ] = 1 x 10 -14 
[H 3 0 + ] x 1 X 10 -6 = 1 x 10 -14 
1 x 10 -14 

[H 3 0 + ] = -—— = 1 x 10 -8 M 

L 3 J lx 10 -6 

pH = - log[H 3 0 + ] = - logl x 10 8 = 8 


[H 3 0 + ] x [OH - ] = 1 x 10 -14 
[H 3 0 + ] x 1 X 10 -9 = 1 x 10 -14 
r lx 10 -14 _ 

[h 3 o + ] = -— T = 1 x 10 -5 M 

L 3 J lx 10 _9 

pH = - log[H 3 0 + ] = -log 1 x 10 5 


= 5 


[H 3 0 + ] x [OH - ] = 1 x 10 -14 
[H 3 0 + ] x 1 X 10 -2 = 1 x 10 -14 
1 x 10 -14 

[H 3 0 + ] = -—V = 1 x 10 -12 M 

L 3 J lx 10 -2 

pH = - log[H 3 0 + ] = - logl x 10 -12 


= 12 
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[H 3 0 + ] x [OH - ] = 1 x 10 -14 

[H 3 0 + ] x 1 X 10 -7 = 1 x 10 -14 

r .. lx 10 -14 

[H 3 0 + ] = - — T = 1 x 10 -7 M 

lx 10 -7 

pH = - log[H 3 0 + ] = -log 1 x 10 7 = 7 


NaOH - 

1 mol 

1 x 10' 2 M 


-► Na + + OH' 

1 mol 

1 X 10' 2 M 


[OH - ] = 1 X 10 -2 M 
[H 3 0 + ] x [OH - ] = 1 x 10 -14 
[H 3 0 + ] x 1 X 10 -2 = 1 x 10 -14 


1 x 10 


-14 


= 1 x 10 -12 M 


[H3 ° +] = 1 x lO -2 
pH = - log[H 3 0 + ] = - log 1 x 10 12 


= 12 


:l .27 







S3 


















^aloijoi JLou gl5li ^i^o^LoU 1 


KOH - 

1 mol 

1 x 10' 3 M 


-► K + + OH' 


1 mol 

1 x 10' 3 M 


[oh - ] = 1 x 10 -3 M 

[H 3 0 + ] x [OH - ] = 1 x 10 -14 

[H 3 0 + ] x 1 X 10 -3 = 1 x 10 -14 

r .. lxlO -14 

[H 3 0 + ] = -— T = 1 X 10 -11 M 

L 3 J 1 x 1Q -3 

pH = - log[H 3 0 + ] = - logl x 10 11 


= 11 


LiOH - 

1 mol 

1 X 10' 4 M 


-► Li + + OH- 


1 mol 

1 x 10' 4 M 


[OH - ] = 1 x 10 -4 M 
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[H 3 0 + ] x [OH - ] = 1 x 10 -14 
[H 3 0 + ] x 1 X 10 -4 = 1 x 10 -14 


[H 3 0 + ] = 


1 x 10 


-14 


= 1 x 10 -lo M 


1 x 10 -4 

pH = - log[H 3 0 + ] = -log 1 x 10 10 


= 10 


pH = — log[H s O + ] = -log 2 x 10 5 = 4.7 


pH = - log[H 3 0 + ] = -log 4.7 x 10 -7 = 6.33 


pH = - log[H 3 0 + ] = -log 3.8 x 10 -3 = 2.42 


[H 3 0 + ] = 1 x 10 pH = 1 x 10 3 M 




:f .28 


:o 


:i .29 





^ □! •* 
















JLou glSLi 


[H 3 0 + ] = 1 x 10 pH = 1 x 10 7 M 


[H 3 0 + ] = 1 x 10 pH = 1 x 10 11 M 


[H 3 0 + ] = 1 x 10 pH = 1 x 10 5 M 

pH + pOH = 14 »» pOH = 14-pH = 14-7 = 7 
[OH - ] = 1 x 10 - P° H = 1 x 10 -7 M 

pH + pOH = 14 »» pOH = 14 - pH = 14 - 11 = 3 
[OH - ] = 1 x 10 - p° h = 1 x 10 -3 M 

pH + pOH = 14 »» pOH = 14 - pH = 14 - 4 = 10 
[OH - ] = 1 x 10 - p° h = 1 x 10 -10 M 


f .30 
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pH + pOH = 14 »» pOH = 14 - pH = 14 - 6 = 8 
[OH - ] = 1 x 10 - p° h = 1 x 10 -8 M 

[H 3 0 + ] = 1 X 10“ pH = 1 X IO -4 ' 23 = 5.9 X 1(T 5 M 
[H 3 0 + ] = 1 x 10 _pH = 1 x IO -7 ' 65 = 2.2 x 10 ~ 8 M 
[H 3 0 + ] = 1 x 10 _pH = 1 x IO -9 ' 48 = 3.3 x 10 -1 °M 
[H 3 0 + ] = 1 x 10“ pH = 1 x IO- 2 7 = 2.0 x 10 ~ 3 M 


I 31 







S3 














^aloijoi JLou gl5li ^i^o^LoU 1 


[H 3 0 + ] x [OH - ] = 1 x 10 -14 


2 X 10 -3 x [OH - ] = 1x10 


-14 


[OH - ] = 


1 x 10 


-14 


= 5 x 10 -12 M 


2 x 10 -3 

. JmUjJjjJ ijJdul HNO 3 Aj Aj' ji Jj A. "* ^ 

n = M x V (L) = 2 x 10 -3 2 x 10 -3 M x 5.5 L = 1.1 x 10 -2 mol 


-jW m (g) 


(^j) 

m (o) - ("——V) xn = 63 x 1.1 x 10' 

xmor 


-2 _ 


= 0.69 g 


j&Xn x n') = c^(n x n') 

HCl (1 x 1) = NaOH(n x 1) 
lxl 

n NaOH = —-— = 1 mol 


.33 


j>j(n x n') = cJo(n x ri)HN0 3 (n x 1) = KOH{ 0.75 x 1) 

(0.75 x 1) 

n HN0 3 = ---= 0.75 mol 


j>j(n x n') = c-b(n x n')HF (0.2xl) = Ba(OH ) 2 (n x 2) 

0.2 x 1 

n Ba(OH) 2 = —~— = 0.1 mol 


jsXn x n') = cXn x ri)H 2 S0 4 (n x 2) = Mg(OH) 2 (0.9 x 2) 

(0.9x1) 


nH 2 S0 4 = 


= 0.9 mol 
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4 4 0 n<«ljb 


' v □! •* 

















O jqjc :»jo.s JLou glSLi ^.sjSo.sLoLi 


. M 

^ji(M x V x n) = c-is(M x V x n) 

H 2 S0 4 (2. 5 x 10~ 2 x 15 mL x 2) = KOH (M x lOmL x 1) 

2. 5 x 10 -2 x 15 mL x 2 

M KOH =-—— -= 7.5 x 10 ~ 2 M 

10 x 1 

35 


^(M x V x n) = c*j(M x V x n) 


HN0 3 (M x 14.54 mL x 1) = Ba(0H) 2 ( 1.75 x 10“ 2 x 12.5mLx 2) 


hno 3 


1.75 x 10“ 2 x 12.5mLx 2 
14. 54 ml x 1 


0.03M 


425b 4J « 4Sj4J t 














^A^A^ [OH ] ^LaAj 4^a JjA^. dJAj6jl^$ ^ pH ^Laa_» .43 

Sc4* 6.9 x 10“ 10 M 

25.9 mL A^ OjA^jdJ Jj^uJjL^jAou aJ .44 
HC1 ^1 ^ 16.6 mL. 3.4 x 10 3 " M Ba(OH) 2 
Sajj4_^. HC1 <ol£aJ 

a^ q.i.> lj-j jA^a^j 6j6j6jj^j Ca(OH) 2 .45 

115 mL JaSaJ .a^ajI & 428 mL 
aJ cA,6j Ji4^jU 6.7 x 10^ 3 M HN0 3 

Sl j£lj jjl£jA_wj 

^6jIjjS 71.4 mL JaSaJ HN0 3 10.1 mL a^ ^Llj .46 
< I > x> A-cu aJ c4j.j ,>i£,U 4.2 x lO" 3 M KOH 

HNO, 




4_ajj jA_j ia^ajA^j^jj ^SAjAjlj^ j.ajAjl jCi 1 .47 
jlj^LAj aJ 6j6jl^ (^AjajA^jjjj 

aj6jA^_» ^ZuA^ajLoA^, <j^jIj_»a_> 0.10 M NaOH Ja^aJ 

.djA^Ajii^j ajL^ j^2k. A-i A_LuuAj_j JjA^AjjjA^jdJ j 
jljjjuLjtG ^SjuijJ jjlXjAjjj 

14 



0 

0 10 20 30 40 50 60 70 

(mL) yf NaOH ^Ua5 



^_>a_j Va_j aaj j-i-oLiu g \_w a ja jA.i.iSl.1 ^^jjAw 48 

^Io^Aj (5 pH <5 jIj-» ^JjIj-Ja-A (_£j-A aJ <j AjA_*a£ 
er^jb-H*-* l 5J-* ^ ‘j ^-? jLAJa^^oUl 


J aJ dA^A_» (_£ pH (^jlj-) 

J ajajAJj^j A ~\\ > > pH sI^l^ajA^ 


O jqjqjjoa JLou gl5li ^iajioaloli 


jjjlCiAm 

<1 jajajl ^AjLLftj — ^jjjjl^jA-uj ^aJ «jJa_jjA_4 aJ 33 

aJ (^ajAj ‘*Jfi|jajj Jj ^A^A_» ^aJjLa ^jl^Aj^a (^AjLoj 

(^aJjLa ^AjLfcjLj-aa^ ajA_^ajj 


1.0 mol HC1 JaSaJ NaOH .1 
0.75 mol KOH JaSaJ HN0 3 .o 
0.20 mol HF Ja£aJ Ba(OH) 2 . £ 
0.90 mol Mg(OH) 2 JaSaJ H 2 S0 4 .j 

x 10 2- M H 2 S0 4 ^ajI^S <5 15.0 mL^Lvj^ 34 
^ aj Ij4 10.0 mL jj^ul^jLa jj 4 ~... \J \ > 0 Lo 2.50 
c 5 -^-H ^b>?) KOH (^djl^ ^j-xijjVj-a < KOH 

•( 6-4 ^AJjj^j 

(JJAjAJj A^ <1 jJ> jl_A ^^A-jajAJ> qLj aJ 35 

1.75 x 10- 2 M Ba(OH) 2 12.5 mL ^a^LaJ 
(g HN0 3 ^ajL2£ 14.54 mL ^ j La ^^uAj 

.ajajajjJj HN0 3 (^ajL^ <ol£aJ 




^y^A-jajl^jS aJ « [OH ] ^l_AA_4 J 36 
Sa^ 4.0 X 10 4 - M Ca(OH) 2 
SajjA^. A_iajA^i ^ [H 3 0 + ] ^Laa_j .o 

[H^O + ] ^A_j A^ aJjA^. Ajljl^j^ ^aJ A^A_»jA_ 4 ^ pH .37 

:q\ >A_a (jLa 

1.0 X 10- ,2 M , c 1.0 X 10~ 7 M .i 

1.0 x 10” 5 M .j 1.0 x 10 -3 M .o 

S pH — 6.0 A^ ajjA^. ^^Ajajl^j^ (_^ [H 3 0 + ] ^Laaj 38 
Sa-UA^. 5.0 X 10" 5 M Ba(OH) 2 ^A^ajl^ ^ pH 39 
^A^a [H^O + ] ^LaAj A^ dJA-jajl^i^ <_£ pH i .40 
SajiA^. olj 8.4 X 10 -11 M 
2.50 (_^A^a pH A^ dJA_>a (£ [H 3 0 + J ^Laa_j .o 

SaJjA^> ‘Cjjlj 

X ] O 5 - M Mg(OH), IjjS <J OH- i .41 

SaJjA_^. I j 5.4 

Sa^jA_^ Ajajl^^ ^A_j H 3 0 + ^y-lcuAi*. o 

8.90 = ^A^a pH a^ dJA_>ajlj3> ^ H^O + ^yijjV^-o i *42 

SaajAj^. « 

SajjA^. AaajL^ ^A_J ^ OH ^yl^uAik. 
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« ASjAj 4 A£uj 1 0 n<«ljb 



^ □! •* 














0 jqJqJjo.s JLou gLSli 


,0^<U udj^-fi**** ^<U 

\£oj§ 


jl^ a£~Jj\S 4 J d$* ^4jd*^o j4j ^JbjuSiAj tjj dj Oli&i £d>L d*J L^mS **■>* 

♦ CwiiljUdj djljji* j 


jj4j ^^Ojd^* ^dJL ^^jJdj dJ 6j4jJ^>dJ d£* d^ 5jj 

M 6i 

&£ ^J d^ 1 Jj Ij4j ^^>6 5 d^ d J d J J J i J d^ 

♦ ^li'd^jJdj ^6jj4]tj^> ^Ijl^ 

jli'd^'^dj 6»XJd>jd^ 

.CigU JLojjJ 1 jSmLo J C*lsb* Jj jjj 

L^UjjmtUii J d^-i-CjjJ 1^* jL ^L> *£J>wA'jdS 

^ CT*J^ LLt - ^ *i 

*1 <!U j*j SI t ^aA.7...«.'.'i>' ^ 

(J) 

c<ii (cal) jL ( kJ) j* 

lkJ = 1000 J 

(K) : j^K jjo^ 

K = °C + 273 


LH 


fijj ^jd^ljj^T 4j Cwu ^dJu 


^ yjG^&S dJ *" vui^i;^ uLTdjdi'dj ^ 4i 2 ^ ( 2012— 2011) 

°CO Kj/mo/O K/Q KO 

IqjJo^ ocjdjlj-o^dX ^dJb qI^jJ 2Lok ^c^&dj o^^lx> qI^jl> dj o^l Jjjjjl^f i£°J>9 ^ tS,j4? (2016— 2015) 

^db O vy>>^ u>*b 0 5 U O O ^yydf O 

i|0^2 yj&j&S ^dJb ^522 dj o^djLj^j^f ^dj yjtbj&S ^dJb ^5j2d> dj o^dj^dJ df djo^ ^Tdjo^jLMi 2 ^ ( 2015— 2014) 

O is^ <j°^ O iy»^ O i5 i -4.0 
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<Jd> jL ( 1°C) IJU jd*i ^dL (Jdj d) , fc^Lo ^-«l j£ <Jdj ^dlb ^fcjdji^S jj4j ^J6jj (jjJ :Cp 

( 4j d£ ^»«jd^ ^L&d> jj jIjjAj jL) ♦ ( 1 K ) IJ-L a! 

■'-'i.jy^. >i c? i '—JiW <Jjj? J 

C = q 
p m x AT 

.Ctijj^jts ( Cal jL J ) <u<u j\j£j>j jL jl ^ij tjbjj ' C| 

.uj Jj«odj C+*J t (^) Ju O^Lc ja Zm jL • HI 

.(K) jL (°C) ^*JL j jljjT : Ar 

AT = T 2 — T 1 

: Jjj> 

z z 

g.if ' g.°C ' mol. K ’ mol. °C ' 





d&5b-4J 4 4Sj4J ♦ &Jj ^Ijb 


' v □! (*• 




















ujoldijoi JLou gLSLi ^J^j^o^Loll 


Aj i jlJW)<L) ijljwj^ijj C*3j4^i ijS i ^LwoU 4.1 

6 i ^ L*o JO 

&JjL> ^rfCLyrfjU o 
j*L j>\jg jj> o 

:^> 32 J J 314 K JK 274 K *J 1 l£->^ *4P 4.0 g 


4™>4j*iJ im) 6jJ^> ^4 j ® 

^ 344 K ^ 314 K 4] ja£aj jjj jj4»* 4 j4^^m> jjj> ^ ® 


m = 4.0g , AT = T 2 -T 1 = 314- 274 = 40tf , q = 32 J -jlSY^ 


Cp •' jU^I^ 4 


C„ = 


32/ / 

= 0.20 


m x AT 4.0 g x 40 K ' g.K 


. J Oj : 


AT = 344-314 = 30K 


C v = — ~~r^ »» q = C v x m x AT = 0.20 -^— x 4.0o x 30K = 24/ 
p mx AT H p g.K w J 


5 # Xa* rf.jb jb}* jaL Lb la 291 K ^jaI’ ^aL aJ jb 6.2 L jau. 4J> Oj 980 KJ ja^aS 


4.18 — JA^Ajjj* ^ja!’ j D — 1 — jb aS” IjA jAf Aj 
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1000 J 


V = 6.2 L , T 1 = 291 K , q = 980 KJ X — ~r = 980000 J 

1 K] 


2^- 


m g 1000 mL 

D = — »» m = D x V = 1-^-x 6.2 Lx—— -= 6200g 

V mL 1L 


9 9 

C n = —» AT = 


980000J 


mxC P 6200gx4.18^L 


. - 37.8 K 


p m x AT 

AT = T 2 -T! »» T 2 = AT + T 1 = 37.8 + 291 = 328.8 K 


T 2 =1 K : jll/ljb 


AT <- C p <-(g) a^-jL <- (D)^j> 


42^ 4J a 4Sj4J a 4&bJ 





Q* Cfl CM* 























O jqjcljo.s JLou glSLi i^jSo-sLoIj 

274K dj ^siiir 32j ^tajo^u ^(2013- 2012 ) ^( 2013 - 2012 ) 

* ^<xt(XLuj jL 0.2 j'/g.k , 5 ^ 3 ^ j&s 05 314K 

8 gO 40gO 80gO 4 g O 

? i^TdjdTdj ^ dj "^ ( 2013 — 2012) 

obj^O j/0-ffO cal/ 9. 0 CO j/5-°CO 

?l jjjyooJ ^LuuLTdj ,jb^c^ yjGjtS $ QiLuu S&j ^Ibbdjuuu^b J 2 ^ ( 2015 — 2014) 

Vcoli^oJ^oJ ^db ysj^tS ^SJ,i\y^f qLvxoIS 

dS d^dT o/j.2> O O *^ ^°9 O 

dfO^dj yy>)±S iyo±y> (^) «-lo^.So ^ 5 ^>b J JJojjl^ib (^) 

^j'LT dJ iboj^ooJ ^j'bj ,jLuoir c dibjuLTdj ^bdibu^b ^ ^o^df O ^ 2 ^ (2017— 2016) 

Lboji'oJ ^df >>‘b^ ^o^dJ (^) vS°^ 4J Qbwifdj <5>* C3 

QljLJCJkib (^) «— o^jXoJ ^df ytJb&S ^o^dj (^) 

dTo$b ^b^r ^db bb U 291 K ^yydf ^db dj 9 b 6.2 L ;<iuu> d*l> 980 KJ ^dfd* (2018- 2017) 

. 4.18 ~^~ ^b ^Jjj> dT ^)dfdj VoJjd^. 

$ K 

273 °CO 55.8 °CO 601.8 °cO 328.8 °cO 

df oc^o^jj ( jo^jJuodJdi ) Q^jL3 ^djdi^oj (5db ^o^di J^f^d* ^o * xun^ju ^o^df ^ (2018— 2017) 

i Cp — 0.897 J/(§.k) diiToj |0^.jjuodjdo ^y>^df ? 94.6°C ©^dj> 22.4°C dj «jjjo 55 § ^dfdjuio^b 

7.42 x 10 3 J O 1.65 x 10 -5 J Q 1.65xl0 5 jO 3.56xl0 3 jO 

i^ 20C° yjGj&S ^db dJ ^28.2g ^djbu^b dT QMib ^Tdjdi^^xb djI^T ©^ 3.5KJ ^dfd* (2017-2016) 

:0.45J/g.K di'LfoJ QAA)b l£y^ yJ>)*S vloJlil^O ^)dfdj ? ©JJd^ QJlob b<^f ^dJL) 

275.8°CO 295.8KO 568.8KO 275.8KO 

djdjuo^juj jod> c ^y>^df ^©^<^ 32J ^ 314K 274K dj i^r ^df dM>^jui> 4.0g 1 ^(20i7— 2016 ) 

j 344K 314K di ^df ^i'lf di ? «jjo^Toj^o^ ©^<^ jjd^ 

36J O 24J O 6JQ 12JQ 


Lei 
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JAjV 4 J ^0jtiS ijjjJujii jL jljj-o ^ijj :(^HuJ) (AH) ^ J&j U *1 ^ 


2H 2 ( g ) + 0 2(g) 


^&uLLyj4j yy^ ijjji j^.jjL i 




dJ {jjj&jjts ^jU 6 jj bjj j4j ♦ (iiiJji^ 

♦ fcjjJ 1 ^ jL ^ <U 4 j j Ub jdJ Lh8^* 


2H 2 0 (g) + 483.6 KJ 


« 4Sj4J ♦ t^Lbljb 





^ □! (*• 

















ujoldijoi JLou gLSLi ^J^j^o^Loll 


^y’Lr^J yy>j*S « jSoj \SM ( 2015— 2014) 

^>\S O <5^. O v5J>* vJ*>^ O 0*^4* kJ><>^ O 

dj dj ^ JJ J \^ ^ cb^N»bjbjA^ ( ^j^ Aj ) &JJ 6^ ♦ l»«L>b&J&i J d^^bjb aJ J 

^6Jj6j4j jji jb 3>o 4 ^L^SOjJ ^fijj AjJj ,j^I Jj Aj ^j\j ^ 3<b ^ ^ji^ 4 A^ljA^Jj jjj4jjM Jtjj , bjb 

♦ fijb 3 j-° J 4 JJ JLtf J 4 -^ 4 j^l>> j jb 3 j-° jji jsjj bL* 


H 2(g) + 2 °2(g) 

H 2 0 (g) + 241.6 KJ 

n> 

+ 

O 

In> 

@ 

—► 2H 2 0 (g) + 483.6 KJ 

4H 2 ( g , + 20 2( g) 

-► 4H 2 0 (g) + 967.8 KJ 



*4 
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JJ^&Jb ^&JJ ^^i-yjb *£jj> jbjlijjj a) <b jAjl^Jjb j4j t(AH - )j&$ 

jjj[ ^ ^ « J^fijj ^^Ltaob aJ 5IjJjjAj 


»Ji 


j^jlIjIS ,jjljdj<ltu c£djj 


J9b^ t5®ii 


c5»ji 


^jiSoj jj 1^4 <Ub jAj 




dS .jJjSuJjlS 4J DjJjSuL»- f»djijfi\_3 '.(jJUJlU 
Sjy-Ajli (jjLu/Ij 


2H 2(g ) + 0 2( g) 


2H 2 0 (g) 


dQJjlS (jJJdj 


AH = -483.6 KJ 


*6j6i cib-Ijb IjAJ C**»> ^AJ&jAj aJ ^»Oj ^ijj ^j<* dj ^^<*bbjb& Ajjjj ^jb aJ 

fcjJjjAj j»A^jAj ^&jj ^_£^»b A&J^bjjj ^bJ A$* jAjl^jJjb jAJ I ( , \ H — H” ^^bjlb 

.jj^&Jb Jijj ^ 

l5*3j (jlSaj^jl444Aj<u 


OlSo^jJjSuJjlS / ii»ji 


jljJ-« c$ojj (Jkb4j 

* 



2H 2 0 (g) 


"► 2H 2(g) + °2(g) 


dlLJjlS (jJjaj 



» 6^0 ^-ojA^ cbJjb Ij Aj Omj j j ^ j5*jb aJ ^-*0j aS" ^Jjj ^jj jA^* Aj ^A>^b jUb Ajj^j b aJ 








O’ as cm* 







































JLou glSLi t> i.»j5o.sLolj 

4jJj ,<CLyj|j 4 j|j4j*Ij 6j ,uL(j j jJjr£l> Ij4j CuJ jbo4 £ 6jj tJ j4jnj4J& 


jl^4j ^4j jl^6jjjl^^ o 4, fr j<U 


o 

:AH C 


liSiibo )^mu> jIjAj ^jI^*4iJ 6jJj&Jj6£ 


(AH f )^4%^ jA r a}>o 


4^j5 4 J <Cujlj 4 J 4m0j4^ 

.1 atm «J j 25°C J »j 4) 


SiiL* ^]j-« 1 + O 2 


I*>j3 + |*>> * 4S5jU 1 


JtJ4> 


^>jjJbLfe dLJj^O ^bj-yj 


H 2(g) + 2 °2(g) ' 


H 2°(g) 


jls ub)>» <>s4&w 


H 2(g) + 2 °2(g) 


H 2°(g) 


tifcjb’ *4J>» 

C + o 2 -► co 2 


jtLy> cbJj»d ^gJLjl 

C + 2H 2 -► CH4 


NO2 jj NO dbij^o ^b 


NO( g ) + 2 °2( g ) 


NO 


2(g) 


C 5 H 12 jbiirf J>» <^i54&w 

50 + 6H2 -► ^5^12 


jb-«o jjjrf (»i4j 

CH 4 + 20 2 -► C0 2 + 2H 2 0 


CeH^Og ^ cUi)j-o 

6C + 6H2 + 30 2 -► ^6^12®6 


CgH^Og ^dji ^bj— 

CgH^Og + 60 2 ^ 6 CO 2 + 6 H 2 O 


CH3COOH *Sj* ^jj jj>o Saj 
2C + 2H 2 + 0 2 -► CH3COOH 


, AH^f — 0 4jb&i IJuLjlb 4 j4j I|yL> SjL 4iJ j [£<L&jj ^Aja£ aJj^a 
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j[£jAJt> c^4j 4™> 4^j2j lb j4j j4b4 j ,6^b*U&4j Ibj4J& ^ Z ^*0j4b jU 4.J Ijjb fabb 

.Cwbi ^JJJ dbjlbj4J& «Aj 4,> jL 


jjj 4 j 4J& J)b&jjdb jL 4b4Jul^bju L £-oj4b ^4jLjjL jAj 

♦ ^jlb j^b-*>L,d*odb jbbd*JLrf L*4 j jL ^gJul ^* 2 c$ -oj4b ^4 jLujL j4j 

LLJ IjL j4.$b bbjjb J j I j 4,j 4.^4.^ j U4 >j^ 6 ^4jlu jb j4,J 

*6j ciJij 4.^ 


; djdJb ^jJLub ^ ^<3o ^djljb^U 2 <Xj 

^jLJjuub^dib (^) *"uwo^oJj^A «4 _Sj.J LjujL> dj (^) jjj (^) 


^ (2016-2015) 

°>4^ u jbj O 


4iM»-4J 4 4Sj4J « &£ ^Ijb 





^ □! (*• 





































ujoldijoi JLou gLSli ^J^j^o^Loll 


sjLoj jLodjb jL ^IjU A H \j&j Cxj^j ^Ajbj^j j&jb jL jljL> IS* jLs> ja£ 

. 5iiL*0 ^4 ^*^ 4jIJ 4 ^L mJ Ij cC2jLT ^J-AaS\ »Oo ii 

bi 4j I j ^J ^4^* 4 jLmmJ A// 4j Ij4j C*4 ^^«p> 4j|j4j yu j4^T 4,3 

«£J Jl5w jjjjl^ ^ jj IIji j jlj Ij4j Cmj : j*+ib£ dS 4jI JCu L £*\ JU4j 4ji i i Lo j4Jb 


CH 4 + 20o 


-► C0 2 + 2H 2 0 AH° = -890.58 kJ 


► ( A H ^£5j4jjJ ^ 6 J 


♦ ^ J Lfe 4j ^ S J IJ ^ 4*£y»^ J U& J ^4 (1 

.4^ijlIj^ljli A H d.*.'.L*ii£ <L**Sj\jb ^6jjj£ 4j 4>» iiJbj ijlj i A H AJu*Sj\j* a£ 4j 4^*4j 43Lmu^u lid 

«4^6jIjI £ A H j 4^*Jjlj £ A// 4 mm^I 4 J 4^*54 ^^ 4„>jL^ 1 Aj b£ ^ko 

.uL4jb 4^6jl^ljli Af/° j 4^6jlji A//° 4,-il^jU 4.) dli* 4 j 4j L^4 j 6JjL© 4^uj1j O 

•3j-° >j ( jjjLjb j*4jL jji ^£3 ^JJJ^ JjJ4>6i el3J 4 _£i 4.JJSiiko ^ 

.l^*JjdSb£ OW **ib£ iji.mAdS Attm^a S J ^ A I~I IJ 4^ J Ub A I~I J 
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5bJjdj> ijijlj^ j»4.3 ^ AHy^ | 


C + 2Ho 


CH 4 


AH f = ??? 




J 




C + Oo 


COo 


AH: = -393.5 kJ 


1 ^4mm5^IA 


H 2(g) + 2 °2(g) 


H 20( g ) AH° =-285.58 kJ 


2 


CH 4 + 20o 


COo + 2HoO AH° = -890.58 kJ 


3 ^4mm5*^IA 


b£ &£6 jlIjjlj4j ^ji ^ v < ^ jjS (jLb &£ ijJ 4,^ bjh&dj jiS'bjiji <L$m£ jl^b 4 ^LmJ^1j | 


4^^>4J « 4Sj4J ♦ 4&bJ 





O’ OS CM* 

























O jqjqjjo.s JLou glSLi 


- 

—► 

AH° = -393.5 kJ 

HHS| 2H 2( g i + 

► 2 Xc>(g) 

AH° = -2*(285.58) kJ 

■Hi bq, + 2K^O- 

-► ch 4 + 

AH°= +890.58 kJ 

HBHh c + 2H 2 

—► ch 4 

AHf = -74.03 kJ 


5dju4»» jLwwO jJ 48g O* Lb , SjSj g jJ 

(-74.03 kJ) ;j>. d*. AH^ 


m 48o 

n = — =- 7 ^— = 2.99 mol 


M 


16.04 


£ 

mol 


AH C 


kl 

X = -74.03 —4 x 2.99 mol = -221.5 kJ 
mol 
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c + 0 2 - 

H 2(g) + i0 2(g) ■ 
C 5 H 12 + 80 2 - 


5C + 6H 9 


♦ 6j6jl JmAjdS J 4j LlJij&J 4j 4j . ijijjJj C 5 H 22 ^ ^ ^ ^ y 


-► COo 


H 2°(g) 


AHf = -393.5 kJ 
AH° = -285.58 kJ 


5C0 2 + 6H 2 0 AH c° = -3535.6 kJ 


AH^- jl^ljli 


C 5 H 12 AHf = ??? kJ 




« 4Sj4J ♦ 4 £u£ ^Ijb 





' v □! (*• 

























5 X ( C + °2 

6 X f H 2 (g) + \°- 


4if$4XJ 


C 5 H 12 + 80 2 


ujoldijo^ JLou gLSLi ^J^j^o^Loll 


-► CO, 


-► H 2 0 (g ) 


AH f =-393.5 kJ ) 
AHf = -285.58 kJ 


5CO, + 6H,0 AH C °=-3535.6 kJ 


5C + 50 2 - 


6 H 2 ( g ) + 3 , 69 ( 2 )- 


AH°= 5x-393.5= -1967.5 kJ 
AHf = 6x-285.8= -1714.8 kJ 


5,60 2 + 6 X 2 O 


-► C 5 H 12 + 8,6 2 AH C = +3535.6 kJ 


5C + 6H, 


-► C<H 


5 n 12 


AH f = -146.7 kJ 


j Lfe jdj 4j 4j . jjJ J jji ^ SO 2 | 

♦ 6j6jl^4 jLjLuIj jdJ j L^S 


S (s) + 2 ° 2 (g)" 


^ SOo 


AH; = -395.2 kJ 


2S0 2 ( g ) + 02( g ) 


J 3(g) 


AH = -198.2 kJ 


. 5j5j I j\£ ^ jJ ^ jlIj I li | 


S (S) + °2(g) ^ S 0 2(g) 


AHf = ??? kJ 
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^jUfe 4^* liJ4jS ^ Liyj4j ^L> 


S (s) + 

3 

2 ° 2 (g) 

-► so 3(g) 

> 

X 

0 0 

II 

: -395.2 kJ 

2S0 2(g) 

+ 

O 

K> 

OcT 

► 2 S °3(g) 

AH°= 

-198.2 kJ 


S (S) + X °2(g) ■ 


-► s.6 


s6 


3(g) 


'3(g) 


S0 2(g) + /2 °2(g) 


S (s) + °2(g) 


-► SO 


'2(g) 


« 4Sj4J ♦ &Jj ^^umIjLj 


AH° = -395.2 kJ 


AH = 99.1 kJ 


AHf = -296.1 kJ 






Cfl CM* 

























1/2 N2 + 1/2 02 
1/2 N2 + 02 


NO + l/ 2 0 2 


O jqja^jo.s JLou glSLi i^jSoaLoU 

N ° 2 ASij^ir ,d 4S oAiAa. AH° ^lo>«U + ( 2011 - 2010) 

V 1 ^ 090 ^ 1 ^. 


NO 


NO, 


AH f = +90 kJ 


AHf= +33.2 kJ 


1/2^2 ~j/^2 


NO + l/ 2 0 2 


^5^ 1 ^d.WUui'^Ub ^ 0^djL)d-OOJ> djl^dj'CJU jOd.S'dj ^djUUklr^Lib J^OC 

1^2 + 1^2 AH°= -90 kJ 


NO, 


NO, 


AHf = +33.2 kJ 


AH f = -57 kJ 


(joi.jj 332 . <U 030 , 3 ^, S0 2 -Vjy f>VA. ^ 3 ^ ^(2018-2017) + (2013-2012) 

^djb^USI^ ^Lfdj <3o .qa^CmulT^j 


S (s) + 2 ®2(g)" 


2S0 2(g ) + 0 2( g) 


SO 


3(g) 


2SO, 


AH°=-395.2 kj 


AH°=-198.2 kJ 

+296.1 O 


-592.1 O 

2NH 


3(g) 

+ 592.10 

y«^4f 4J ^ 133 ^ 1 ^ 25°C 4 J ^ 2 ^^2 

VoAidc. I^jLo&Ji) <U NH3 l yjl| ( £u j&$ 4J30 bb , -92 Kj dblToJi 

-46 Kj r ^ 9 


-296.1 O 

3 I.Mu>jir 4 SlJ^IT <JJ &“■ (2014 - 2013) 


^j'lTdJ yS*>)$ \SJ*> 297 Kj /7720 / . K doLfoJi S0 2 

. [ S= 32 , 0=16 ) ^dJb^dX ^djJUD^b jtS&J oAj<X^ S0 2 

+ (2015- 2014) 
is 192 g ^ 3311 ^^. 

-594 O 

+891 0 +594 0 

-8910 

2 H 2 (g) + ° 2 (g) - 

*► 2 H 2 °(g) AW° = -572 i-w^ir ^ 

^ (2016-2015) 



' H 2 O 3 » 

+572 0 

+286 0 -572 0 

-286 0 

^duuT^U 4i 3 N 0 2 

' a yJlj c SjUH^J 0^0 > 2 ^Aj QA^C)^dU>l> 1 mol 

+ (2017 - 2016) 


1 +33 KJ/mol dj'i& NO 2 %_ajj^ d.r<L> i^&<xaoo<}Ia> ^LuxaT 

-66.4KJ O 

-16.5KJO +66.4KJ O 

+16.5KJ O 

2H2 °® + 

572 kj ^ 2H 2( ^ . 20 2 (oi v 

2 (g) + 2 (g) | <i 4 S y >l j- | 0 4 j 

+ (2018-2017) 


:dJl5o2> H 2 C 

1 3 > kJ/mol 13 ^ 5*40 dj 

-1144 O 

+572 O -2860 

O +286 


Lei 
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4 4Sj4j 4 &Jj t^Lbljb 


' v □! (*• 




















ujoldijoi JLou gLSli ^J^j^o^Loli 

o o 

(AHyO Jj(AHyO jl^J J[jljL> (2 

A//° = . j X AHy^ ^ ^ Jj-« . j X AHy^ ^ 3 ^^ 

o 

^AjboAj 3 ^ AHy? = 0 

Jjmfa .... No J K / A I Jllj (I 

F 2 / Cl 2 , Br 2 , 0 2 , N 2 , H 2 jAJb ^aJL ijA^jji <^ijA^ ^JbjLZidj OjA> j2>4.£i (o 

♦ b jlT ^3^ j»^Aj 1 2 J*j (O 

♦ b (c*b$l j£) (o 

'ij?* 


^itj NO 2 c£>3jub + Jjli' Jj ijijj-b NO ^>3iwU J-U-^i^Aj j 

I^^^bbjfj j»A.J Aj j cXwLodi) &j&jl^ jL& |»aJ 

AH^(NO) = +90.29 ’ 

AH°(N0 2 ) = +33.2 


AH }(p 2 ) = 0—, 

J mol 


k] 

mol 

kj 

mol 


NC>(g) + 2 ®2(g) 

+90.29 


A H° — AH^ AH^ 

A H° = (AH }(N0 2 j) ~ (AH }{N0) + AHj(0 2 )) 


A H° = +33.2 


kj 


mob 


kj kj 
+90.29 — J — + 0- 


N0 2 ( g ) 

+33.2 


mol mob 


k] 

—57.1 —— = -57.1 kj 
mol 


A H° j\J\j\» 
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*5 * 6 jOJ+ j jb ^ CH 4 jl^-o ^ybjj— ^Jjb' ^jA^ 


AH;(0 2 ) = 0 


fcy 

mol 


AH °ACH 4 ) = -74.9 -+ 

J mol 

AH °AC0 2 ) = -393.5-+ 

J zy mol 

AH °AH 2 0) = -285.8 — 

J mol 


A^I»>Ai 4 ASjAJ 4 Alb; ^^umIjU 




O’ Cfl CM* 















0 jqJgJjo.s JLou glSLi 


A H° j\jy» 


CH 4 + 20 2 
-74.9 


C0 2 + 2H 2 0 
-393.5 -285.8 


A H° — AHy AHy 

A H° = (AHf (C0 2 ) + 2 mo/ x AH}(// 2 0)) - (aH^(CH 4 ) + AH}(0 2 )) 

A H° = (-393.5 — + 2 x -285.8 -^y) - (-74.9 —- + 0 —) 

\ mol mol) \ mol mol) 


mol) V mol 
= -890.2 kj 


do . ojo^jAj C0 2 / H 2 0 ^yi>l| ( £u 9J JjJdoo ^93.5” dj do ( 2015 — 2014) 

:( -393.5 , -285.5 , -238.6 ) *n* ( C0 2 , H 2 0 , CH 3 OH ) ^^AH} 

-917 0 +726 0 -1023 O -726 0 

AilTo^ ^T4 j <)J (C 6 H 12 0 6 , C0 2 , H 2 0) <JJ 4T4J ;<Ul> AHy tfU-iJ 2t (2015-2014) 

CeHi 2 0 6 4j liTAj .isii'U’ oAidci jtS ( -1263 , -393.5 , -285.5 ) 

V C0 2 f H 2 0 ."ttipmftA 

+326 Kj O —2813 Kj O -326 Kj O +2813 Kj O 

. ojo^jAj AujulT^JIjJ> 9 jts 9 J CH 4 ^llu iS^LT ^ylj^^jku 2 ~ ( 2011 — 2010 ) 

. ( -393 , -286 , -75 ) <uisj ( C0 2 , H 2 0 , CH 4 ) &T 4 j AHy iyi>? 

—890.2 k-J'-ffyo} 

? Ai.^, S0 2 + 34 0 2 -> S0 3 ajjJ^ ^ ^.xf ^( 2017 - 2016 ) 

:AH f ° (S0 3 ) =-395.5KJ AH f °(S0 2 )= -296.1KJ ^ 

-691.5KJ O -99.4KJO 99.4KJ O 691.6KJ O 

jL£4Sa)jL£ ^ AH jjj t jj (jJLluS jjj (j££ L0jJul>Jd4 jUJjl 

uj: dl$ ^ASCdjLS jAj ^ l<J <u AH t +458kJ j -658kJ 

+1116 0 + 200 ® -1116 0 - 200 ® 

JjjiM 45 Lj ^uL^Suj j —612 kj/mol 4 jLSd 4 X ^uL^SuJ JjAjJj ^jLuyjj 

X0 + x ®2 kj/mol X yiljjjfu ,—671 kj/mol 

+59 0 -59 ® +1283 0 -1283 ® 

SkJ/mol C(,H ]4 > 1 *** 1 ^ j 1 +* u *" 1 (+L* ti“j' 1 ^ ^jLuujj 

C 6 H 14 (1) + 19/ 2 0 2 (g) -► 6C0 2 (g) + 7H 2 0(1) 

? 0.0 -393.5 -285.5 


AHf 


AHc = - 4163.2 kJ/mol 
-196.4 0 -67.1® 


+196.41 


+67.1® 


Lil 
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4 iSjti 4 &Jj ^Ijb 


' v □! (*• 
















ujoldijoi JLou gLSli ^J^j^o^Loll 


140 2 ( 1-5 ) t£d£<U£4 l£ 


^jAAjJjJ j_> ,<G1 $_»jI£<j ^aJLxjjLoIJ ^4jl .1 

1 mol ^jaS 

A H° = -241.8 kJ .H 2 (g) + \ 0 2 (g) -* H,0(g) 
A H n = -393.5 kJ .C(s) + 0 2 (g) ^ C0 2 (g) 
AW° = -224.13 kJ ,8C(.v) + 9H,(g) ^ C S H I8 (/) 
(g AH <6 2.6kg oJAj, v_j 

.6j6jAjjOJ A_»dJjLo jAj 


wilAJjL^ ^-ojA^ aJ .-'...4 'A ^ .1 .2 

I^jA* j 3 

•6j6j6Jj till! 

j aJ A ^juJlA ^LuliLj *4 

Si J-}-0jA^ 

<AJjA^. 6jAA*uLj 75 g <U jljj-0 ^j-ojA^ liJdj <s*jj iSj-i 
s 301K Ia c4»l j^jA^ 6J6 295K aJ dpi* 

‘jgAjj . C 8 H I8 jUSji j3jU :jLS«i4<t^ ^jLS 5 ij<u .6 


^jSLjLLvjiU jJj4J :j:jI^5\JjL i ^SLwO ^ .w... . .... j<u51dj ^Aji£ jL J Ij j-C j;j J . 1 

. I Xu L-o- / bjjj&jjis jL» jljj^ ^JOj *£ji 

.Cm)^ ^j , ^ol ;L ; Cw c# llJL) ♦ 3 

.^je^s AH c# ili’L4JUA^’b ^ AH A^jjf .4 


m = 75 g , AT = T 2 - T 1 = 301 - 295 = 6K , C v =0.449 


0.K 




c„ =-— 

p mx AT 


J 


»» q = CpXmX AT = 0.449 —- x 75g x 6 K = 202.05 J 


g.K 


:f .6 


H 2(g) + 2 °2(g) 


H 2 0 (g) 


-► CO, 


-► 8C + 9H 9 


AH, = -241.8 kJ 


AH° = -393.5 kJ 


AH = + 224.13 kJ 


C 8 H 18 + 25/2 0 2 


8C0 2 + 9H 2 0 AH c = -5100 kJ 


n = 


2600( g ) 


114 - 267 ^) 

A H° = AH° x ^taL* Jvo t «6.U = -5100 x 22.8 = -116280Ki 


= 22.8 mol 


173 


« ASjAJ < ^lLkIjU 





OS CM* 























0 jqJqJjo.s JLou glSLi ^i^oiLolj 




iOJOjO-b OJOjl^>- (_£4jL«4) O-bojOjl^>- ( _J4jLjL*_S' AjtJjSjOb ^4j .1 

H 2 (g) +10 2 (g) ^ H 2 0(g) + 241.8 kJ/mol 
H 2 0(Z) +241.8 kJ/mol H 2 (g) + \ 0 2 (g) 

UJjjAdl djj 


?C.».»>>>OjoJj4_fc ciAll (_£jU ijJjjiS" C^Jj j»02> Olj ojj LU .1 

?4j l5 S3j15' ^4j 3^ .U 




^Lij^ aJ OaS^ojIS^ j ojojdJj ojojlj^- ^aj ^o*2oj : Ju<&- 

A^ojIj Jfi'g ^*jA$* c£aL C(_£j^ (J°jj 41840J ;ta 20°C ^*ja£ (_£a!mJ jU 200.g ja^aj - .2 


At = 


41840 


c p Xm 4.18 X 200 


.a, (4.18 J/g«°C) jU ^aS” ?JjA5^Aj 

= 50°C At = t2 - tl 

t2 = At + tl = 50 + 20 = 70°C 

28.9kJ 


30.7°C (_^aJj aJ c^J-«J^Aj 625 g (_£aJL> C^OjAO^S jj4j c ^ A; <S°jj 

(0.900 J/g.°C) ^jJaj ^ 3 * jaTaJ 82.1°C y 


658 3 kJ/mol ^jI$^©j^jL^»a-AjAj aS* *■ i* - ^ 1 1j; jA^aJ .4 

ccuL kJ/mol 

?0JUAsr aS3jIS" j»Aj (J AH <^Uaj .1 - 


A H = H. t , _ - H _ ,. M , = 458 - 658 = -200 KJ/mol 


JS ij jSLt*4+jt 




?OISojjjL^A^jAj ^sSslljlS" ?0A^oJL^wwv jAj ^IS* .v-J - 


^jI4*4Aj4j 


d^jj^So^ jj^jLS uij jASaj pA&jAJtul) yuJLz ^IJjLS ^aj 4 £ jASaj 
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A^A^ 4 ASjAj 4 &Jj yjittljb 





' v □! •* 

















-C 2 H 2 ( g ) + 0 2(g) 


^jqJqJjo^ JLocd gLSLi ^i^j^o^Loll 


. c.»»i —1301.1 kJ/mol C2H2 (Sj^ ^ j^* jaS* jaSVj .5 

?©JJA^r (^ 2^2 ^5sj4^jIa JL+S .1 

> 2C0 2(g) + H 2 0 G) + 1301.1Kj _ 


c^Ajojj jaJ <.ij> l5 5c]jIS' (1) jjJuL L £aS4Ju2TjU J^L 4j C 2 H 2 0.250 mol jaSaJ 

<J^Jj4j03j03 aSsJIJjIS" 

(^AS^^ijSjLfc ^L> Aj cA^A^ijlS 4 JL^o^L C2H2 £ JjA^t- 


-1301.1x0.25 
= —325.3kJ 


J ■ 

*)j 3900kJ jtU1um<L) JuA^ aJ UU.uJjAj*^ ^ 1301.1 KJ jrU^Aj J<u A) 

aIwjU = 4l«jL) X mol = 26 X 3 = 78 g 


3900 

mol = __ = 3 mol 


1301.1 


aja^ISjIa* j»Aj 4j aSa^iIjIS’ jaS"aj cojojojjJj Fe 2 0 3 j A1 jljlJ ^ A// - 

AJl5"a^ A1 2 0 3 ^Lg-S^ ^jaJ* j 2A1 + Fe 2 0 3 —> Al20 3 + 2Fe :ota©^jjj 
. -826 kJ/mol aJI£©:> Fe 2 0 3 ^ja? J -1676 kJ/mol 

A H° = (AH;^Z 2 0 3 )) - (AH;(Fe 2 0 3 )) 

= (-1676)- (-826)= -1676 + 826 = -850KJ/mol 


2H 2 O 2 (0 -* 2H 2 O(0 + O 2 (g) 

AH 0 = (AH^(H 2 0) X 2) - (AH^(H 2 0 2 ) X 2) 

= (-285.8X 2)- (-187.8X 2)= -196 KJ/mol 
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« 45j4J ♦ &Jj 




Cfl (M* 















0 jqJqJjo.s JLou glSLi 


cs-b<£ 

4Jj£ ^joiU<U jlj 


!B 


♦ Jj-A jb JjL jli' ^Lm S ^Ajb jL&Aj 

.jji^jl^ ^ijj 4j &JLo4^ ^4 ^j4j ^Jjj AjIj ,^jjii ^jmAjtiS \dJ ^4jjjj 

♦^j&JUjjj 6jj^>4j jL> J^>4JU 4 j4jI j4j jl^6j*o & £ *+}j\£ ^4j j&i&ijjj 

^4Jbj4j ^Jjj j4j jJ 5j 5i 4 i cJjli* 4.J ulitjijj*I j4J C«—> jLaA^ ii ^l«o ^5jj 5 Jj 4.>jd.£i 

. 64 jljj^ JJJ J 4 jJj iJLo4^ 

jlj<b jJ jjj j jjj,£&*> jli'&jjj j£j\£ <L>jJ tJL«*£ jli* ^ijJ i^J 4 ^ J 4 ^ 4 ^ jl^ij-o ^oj^S 


J 

Jl 

Jll 

JV 

.V 
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♦jlj^jjLo 4 ^.m<m-«^.) 4j cJij jl^4$jj4j 4.*oij4Jt> ^<db ^Ij^j 4 J 


j Ol^Ji iUj jl^iij^ ^^*4^o6j4,^ jII)4i^o4j Ol^&i iLj j \S&£jj *0* ^£&jj4of 'j> ijdJ £*u j£>jjjj ^£4JL $-\J4.> j4Jb 

.<*J &Jjo4^* jli*<du£i 5j jli*<Juii <*J iji^dS jl £AJtj ^jju-u <b jj iL j ^jjjCjLu 

kj /II 

♦ CJ *£*ii 4j| ju " ,£4^4 j 4j 4^ , ^jjju-u <*J jljJ^ 4j|j AS 

^ mol .K ^ ^ 


AS — ^j*«ubj4j iS*^ 


♦ j*4^ ^ <bo&j<U& ((jJbj ^ (iJbjU <*J) (iJbj 4 j!j A5* — — j4^4j 


H 2 0(i) 

dfijli 


h 2 o ( s) 


AS = - 


.jjj ^ tmAljtJ* (cijjU ^1) ^ 


H 2°(g) 


cCjti 


AS = + 




0 CaCO 


3(s) 


CaO( S ) + C0 2(g) 


AS = + 


AS OL^J^Uj 5 jL»4,3 iJj 4.>J, 6jL^L? ^jL) Jj-^S ^5j 1,0J Oo j£6Jjj\j £ AS dJ&Jj\S aJ 

.£j\Sm\jj 


N 2 ( g ) + 3H 2(g) 


2NH^ 


AS = - 


« 4Sj4J ♦ ^Ijb 


Lei 





^ □! (*• 

















ujoldijoi JLou gLSLi ^J^j^o^Loll 


tijjjJ .c»[£ti jLj ^ 4_«»jAA ,(jl£" *1 jL J-« *1 ijbj jL J-w *1 J-*"I cg*^' ^ 

aJ jj^S ^j»£) \jj jL &£d,j+> ^jj Jj iij&£ .j\^dj+i ^jj l * - • < j lijU aJ ^^ 

AS = +Jijb 


AS — — ) ( ^j<U$*d-o6j4J& (J-£ <J jl^ ^6j4j|jj) J-£) <J jl^ 6jL^ 

i $ |» dS ( 4—0 i ^ ^LLwj 4 j ^jJ 2^ iU J &J \jj\£bj\£ dj 

JjjL ^jl> ^Jbj ^Jj>La U 

4 J Jm) j«*> ^^jjJCJLu 4 Jiji Jj .Jjij jj-o 4 Jb ^jjJCJLu 4 iJ Cwj jjLj 4 -J £^ 4-0 

.jJLojS 3 s J JJJ ^jju-u 

. 4 ^ 4 j i^bj AH j AS ^ 4 jLmmJ jl^<UjLj^ 4 jfjJ^ 4 J 
: I AJb* dJ ^Lf ^dil^i' ^ (2016 - 2015) 

^ ui^aT^AO^ jjyO ^dT Q jO^T ^J<XjS<XjOO j4Jb J jjyO iy»^ O 

d*rAoo j4.2b j VJ yo^dT(^) jodT ^y'djJ’Aoo^)d& 9 jo± O 


La 


4 J jljh^ ^LljlS” 

6 jU bjbjS>*J *U aJ Qj 4 ^* (j^*_3J^U ^ ^(jJ^ A ^ 4 »«— ^ IjLi 


7K 


> 


J ,j 

6 jL 4jl j4jx£j 


6jU 4j Ij^JLnulj 



^jjj ^s^> jjl^Jj^jl^o 4Jbj4j 4i^J 


4 J jljj^” t#^ 4 ^ ^AiwIjU 

»jL (jjj <4 jjL M “j^j *1 Lstjj*-? jUi^ c#^^; ‘4-JjL' 




■ 7 ^ 


(iljjU 


Sjj 

SjU A 1_J A^yJ 1 j 


ijL 4j| j4jxL*u 

T^jjlj jli" i j^j l^-*o 4Jfej 4j a£>Jj> 


^jjU j> 
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4^l£4i « 4Sj4J ♦ ^ul ^uttljb 


O’ OS CM* 




















2S0 2 ( g ) + 0 2( g) 


2SO 


3(g) 


^qjqjjoi JLou glSLi i^jSo-sLoIj 

AH°= -198.2 kJ 


4j|j 4^ Oljjfti j&j4j ♦ j*<Ubj<U j tjLo^ j»4Jbj4j 4 j|j ,6j6i (iJLJjl^ 4 j|j (A// — —) 

♦ <L> *G I J <d*J Ij IS" 


5 ^jLah^LS 5 i sL^WjljU f^d^O 4^* j» 4.J ^ 


COo + 2HoO 


”►■ CH 4 + 20 o 


,£$>.!> tS^> j6 J<b cJjJjli" *6jji J iS-A^S jji ^J6jj 4j|j j^)<Uo4j , i j-0 cJj.Jjli" 4j|j (A// — +) 

.OliSijjj 4j|j<U»LL t 4 jIj^ OljjSi 


^bdJ^tr jO«U cL&jJTdj dJ 09 b djjjuiib ij-STjJ^Lr ^djUul^U j^Tdao^dib <Xj QjMjdj 1 ."jjJuui d> ( 2015— 2014) 

" NH 4 + (aq) + OH"(aq) Q 

3(g) -- N 2 (g) + 3H 2 (g) 


c 6 h 12 o 6(s) 


C6H 12 0 6 ( aq) q 


NH 3(g) + H 2^(i) 


h 2 o (1) 


H 2 0 (g) /~n 2NH 


o 


o 


. &jd.ojJu»o 4 j 4^* 4j4jLc j4j 

T AS ljLujJuL.u 3^4] ,j*lb 3 A// jl^ jIjLj* dJ ♦ Zkljf ^^JlJ 

AG° =AH°-TAS° 

c^i4jjcLm> (^6jj ♦ AG 

(dLJjl^ (^j^) 1 AH 

cr°J^ : T 

Lsi&-? : ^S 




♦ *U6jJ^> 4J (iJbJljl^ IjdJ AG — — (1 
♦<u6j^> 43 U dUljl^ Ij4j AG — "h (2 


4 4Sj4J ♦ 4&bJ ^Ijb 




























A G° = A H° - TAS° 
AG° = (+) - (+) 

A G° = (+) (-) 


ujoldijoi JLou gLSLi ^J^j^o^Loll 


^ o o o 

i dj A// j AS j 1 ui ■ i ^. v—v . n .oj?^ AG ja.i L; , . ,,. ' 


ci-JjlS" AG — — 


U cLJjl5" AG — + 


\j*s AS — + 


A H° < TAS° 
AH° > TAS° 


AH = + 


jj*i cr a J‘*^ • 


A G° = AH° - T AS° 
AG” = (-) - (-) 
AG° = (-) (+) 


U liLijIi” AG — + 


cLj’jis* AG — 


Ij*; AS° = 


AH < TAS 

AH° > TAS° 


A H° = 


j*>P • 


A G° = AH° - T AS° 
AG° = (+) - (-) 
AG = (+) (+) 


\jas AS° = 


AH° = + 


. U ijJcJj d i~m i a dJb *W ^ A G — ~l~ 


.^LJj 15" ^j^dJU j<ua jjLS’UjIS' ^dJL 


ij*; AS = + j AH = - 
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AG° = Atf° - T AS° 
AG° = (-) - (+) 
AG° = (-) (-) 


♦ Aj t aJ IS* o 4J& A G — 


♦ dSti'Ujli' 

i^dil^di IJjLam^^au dJ <jLf<\ j duuu«dodib dl dSjJ^Lf ^ ( 2016- 2015) 

A//° = + , AS° = - O A//° = + , AS° = + O 

Aff° = - , AS° = - O AH° = - , AS°= + 0 

? c^dJ djuuuuodib wL^jJ^L 5" ^IS’o.A 1 ^ ( 2012 — 2011 )) 

AiS* 9 A// ^y^^^b^ (^) AS 9 A// ,y^>£odf (^) 

AS ^y^^jXodS* ^ A// (^) AS ^y^Xodr 9 AH ^y^XodT (^) 


4^l»>4i 4 4Sj4l 4 &S) <^b!jb 





O’ Cfl CM* 




















0 jqJqJjo.s JLou glSLi 


dj dj.ju^» ,c^dl dJLuo^ ,j2>d> \$6Sx\j\S ^dj (2013 — 2012) 

ylTdoo^d& jfej p yo^df (^) yuTd-oo^dJb f dT ^ j>yo O 

yUTdaO^dib S$j $ >o yo^)df (^) ydf <doo^)dJb f dT ^ J 0 ^ ly®^ O 


: .iSjJjir 


2N0 2 (g) 


N 2 0 4 (g) 


l°>* yovSdL dl djj^dl (^) 

AS = ?AH = -90— co + 2H 2 


Oy>J> yoL>dSdJI>IT fdJ ^ ( 2013 - 2012) 

dj^^dJ ^ubJ^ y^^dT i5<db dJ djtc^di 

i°^ jjo^dT ^di) dJ dj^dJb (^) 

CH 3 OH 


mol 


dSdU^lT fdj JJ 


^(2014-2013) 


?—220 


j 


tUl^li^j jjSj&Jb (^) 

409 dJ >LodT y>^dT ^dJb dJ dj^id 

— NH 4 C1 (s) 


djc^dJ djuuuuodk 
djy^dJb djuuuuodfe (^) 


mol.K 


NH 3(g) + HCl (g) 


:N 


ojo± *SjJj\S jD-XS ^(2015-2014) 

^4j \jGJ&S ^4jb 4J dj^dJlj Q djuuuuodhJb o 

^di yo^dT i£db dJ djc^dl djy^dJb djuuuuodJb (^) 

<wi^ diUdJ fir 2N ° 2 (§) ► N 2 0 4 (g) o ^ ^ ^dTi^dsij,r>ir fdj ^ ( 2015 - 2014 ) 

^)dj ^dJb dJ djc^dJ (* J) di^dJb yuuuuodfe o 

1°^ yo^dT ^dlj dJ dj^LdJ f y^dT ^db dJ dj^dJb (^) 

. ^o^df ^d^^o ^Ubdj dj jS c^dJ ° L (2016— 2015) 

AS° O AG°0 AH°0 T O 

: Br 2 ( 1 ) + 31.0 KJ/mol -> Br 2 ( g ) dsujjirfds^ ^( 2017 - 2016 ) 

dj^i dJ fy^dT ^dJb dJ djj^i dJ djuuuuodib o 

dj dl ^)di y>^dT ^db dl (^) d>c^dlb djuuuLodib O 

2 ( g ) + 3H 2 (g) -> 2NH 3 ( g ) + 91.8KJ/mol dr^irfd* ^( 2017 - 2016 ) J. 

djc^ dl £ yJljjjL} yadj <d> dJ yJljijuu yudj (^) 

dj dJli d_><^ dJ y d) o 

. dJ Qjjb^j ^djb djLuoJi y>^df ^db ^b^ d> ^djLSdJ^lf ^d> lf: (2018— 2017) 

y^duOO^dA fdf 9 y®^ O y^$ >® O 

^rd*<yd$> fdr 9 yydf Q y**4^o^dA ^ O 


j A//° = 176— ,b 298 K ^ ^dLJNH 4 Cl (s) 

mol ^ v 


NH 3(g) + HCl (g) b^LT r< J | 


^olmjjj Sjjuji-J jib ijf-^jn ,tjtjjjj AG AS = 0.285 


AG° = AH° - TAS” = 176 


kj 


mol 


298 KX 0.285 


k J ^ 

moTR] =91J 


kl 


mol 


180 




Lei 



^ □! (*• 






















ujoldijoi JLou gLSli ^J^j^o^Loll 


iAS 


mol.K 


31 -°£i Br >® 


Br 2 ( g ) j»4j J 

5&JU4> Oljbjjj 6j<Oj^4j j»4j 


AS° = 93.0 


7 

mol.K 


X 


ifcy 

loooy 


0.093 


kj 

mol.K 


Ibj 4m> bjj^> Al I^LJj If 


AH° = + , AS° = + 


AG° = Atf° - TAS° 
AG° = (+) - (+) 
AG° = (+) (-) 




cLJj 15* AG — — *£^i. ^ A// T AS 


o o A// 

AH < TAS »» T > —7 »» T > 

AS 


31.0 


kJ_ 

mol 


0.093 


kj 


= 333 K 


mol.K 


c L. j jIS ^jj j ^ A-; jJ Lis CaC()^ s ^ -► CaO| s | + CC) 2 (g) l^6^-o j 


5*UJ^>4.JU jL 


A/7 — + <olj4^ 

AS = + ubjU *3^ 


A G° = AH° - TAS° 
AG° = (+) - (+) 

A G° = (+) (-) 


*<u6jj^4j A G — — **J A/7 < T AS jjSaj ® 

U AG — + j*jj ^<db ^ A/7 TAS 


^ ,<> 3 oj 3 ^ AG .cIa^ AS° = -100—— 3 AH° =-50 — i^Luo.ji'e-sisiJiir <aj ^( 2011-2010 

? ij> 25°C 


kj 


mol 


K = °C x 273 = 25 + 273 = 298 K 


J , kj 

AS = -100 , . x 10 -3 = -0.1 


AG° = AH° — TAS° = -50 


mol.K 

_kJ_ 

mol 


298 Kx - 0.1 


mol. K 
kj 


mol. K 


)■ 


- 20.2 


J9_ 

mol 


♦ 4Sj4l 4 &£ ^uuuijU 



























0 jqJqJjo.s JLou glSLi 


ogaidj 292 xjirAS icUb<xj 9 98 doiTo^ ^Xxsj.ias &j A H .ci&dj 

mol.K ' mol " 


c ( 2012 - 2011 ) 
^ 1^9999 ,jOj4S ^<UL> dj djj ^ 1^999 


/ 1 kj kj 

AS = 292 , , x—^- = 0.292 - 


mol.K 1000/ 

A G° = AH° - TAS° = 98 


298 Kx 0.292- 


kj 


i<) = llkI 


Aj6 JjAaJU 


mol V mol. 

AtjStjj^ 63 °C <J) IJLjL5'sJj4j ojd^ dJL <J j.’ilf.U .lijjjj JdJL dj <U£><JU di'd&JjlS' 

<u <W4sij^1^99^ 099^dj .292 j/K djiro^ A 5 ° 9 98 kj <utroj> .*44 j^ ir A H° (2018- 2017) 

• dJj 9999 9<lf igdjj 

10.98 KJ O ~ 10.98 KJ Q 10.98 KJ Q - 10.98 KJ Q 


C (s) + °2(g) 


C0 2 ( g ) + 393.51 kJ 


^dj, dJ w ■ *vu; " ■‘w ■ ^;\s & AS^Iaa, ^ (2018- 2017) 

298 K yjtoj&S (5^Jb <U dio ;loJ o^c^dj ^yuuuJI^j' o^o^c) Jo dJjJ^Lr j© <aj ^5 AG^Ubdj , 3 J/K djLToj ij 298 K 

: U 

- 0.394 KJ O - 394.4 K J O ^ - 394.4 K J O ^ - 0.394 KJO 


146 a ( 2-5 > 
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2-5 


c5 J Wj 5-5 «6 

<Ulj£di^6j 

<LajI^aA .7 

^.jljjl_A j c/i^.aJ jlA aJ ^jjj^jA^A-i 

j-i ^ 1 1 <j6^aJ> toVij^Lj L$ 2>l£<Ciljl£ 

aJ) Ai^Aj^d. j 

^A^ J dlAj ^LjAJjL^Ij f\£ (CjIjaJjjj 

jLluLj SA^aj^a.jLi aJ A_ajIJ_>aJ» jjL} A^A-ijA. i^-^. i > 4-a_jl 

•6jA \ CjA^A-a*a6j J-» 




SoL^aJ jL» ^A_>jJk. 
aJ Aj Aaa^. (_£-U6jl> J Aao^. .2 

Sfc jAAL^A^j 1jl£ 

es^JJ-Ujj ^ a£ 6J 6j<^ OjJJ 

AjAALajj a_»_) jAajAj jAj j A_uuLij Cm*jA_»jAu*i .4 

• CUj-}6J (_^j6J A^ A^iujjJLJ 

^ J vA^^jA^, <5 aJj O 1 ^ «5 

.6J6jA£j Jjjj JI£a£jJjI£ 






A^^b-AJ 4 ASjAj 4 &Jj yjittljb 


^ □! (*• 























i^jqJq^jo.* JLooa glSLi ^i^j^o^Lola 

.bjjd£ ^1 

.Ol^fiijL bjj>i J jlf ^yGjjj ^jJCJLu ^JJIJJJ *<ul ^ dSjjdJ d^objd.Jb ^Jdjj ^yl jlj .2 

0^ if fi J^ ^ jb J cM* if fij^-ifij <J ^Lj-i ^>>ji c^Ui^ jb > c^J ^6 j4jj^J,^ 3 

♦ tj irnU d,J ^£*0 jd£ (j^JjftjL? 1 d£ dj dj LjC j4™> *^|r 

AG° = AH° - TAS° 


♦Cy j C^JLm) AG 4d*wJ^*J UJ dj^>4j (jJLJjl^ ^bjdJ jj ♦ 5 

♦jl^ jji if 6jl jjS* (3 6 J i^^Go c^^^i -0 4^J^> *6 

j<b j*UdJ JU^JLyj AG 4j^>4J ,4j4>j^o AH ^U&4j Aj|j4^ bj±*~*jd£ ,Cu^£bjUjLo AS ^djULj ♦ 7 

j4j oli'&ijLj CwJ^jjUiJ ^ dS |tjljj4j ,uJ AS 4 jIj 4^ AH !> 0 j AG <C 0 

• *j&LJ j dbj 4ibj^>U<J 4„cl^4j <J d£<LJijd^j <uljl4j 


Lei 


iljdjjj jjt^djLui!] 


: uljd4 djj^dJ t uUjiJ JjjljdJ jdSdJ t dbjll dJd£ (^SaidSaJ j^aAA 

A 

Cwij j dbj 121 CwJ&i jLS d^abjdjb s.4^* l£l 

C++Jbb d^abjdjb jLo4Jb 13 C+ubb JLS d-AbjiU* jjj I^J 


.uljd4 t ulwd$dd}4A dill JtJjJ j LuJd4 fkljlj |j ^dJdiu^L) jdJ 

A 

ulL j dj^u IHJ j l£l 

yJl^ j bjjd£ E j ijjd£ I^J 



xujj AH = —500 k] ^dSoJjli jAj 

3 

U d£jbj 1£J 

(OlJUjjj Sj ^>dJ ) C+*sj>d£jij 1^1 


^LjJ J<L> |DJ 

(OliiJ jjj 6jj>dJ)djj>dJ b<L> L@l 



$ LUjj®uljiijdlwlj djdjl^i- ^djUdl pi£ 

A 

j6jU ISI ^-0J^ C^bi^ ^ 

jbjj— El ^LgSbb ^jdS IS 


:ul2w4J64 djUdl dUSdJ <U umJ lijJ (^5 oS4j j d<U4^U jljljdl (JLujd^ i4b ^LSdJ ^aj&Z IwdJ djIJunl^S &jj JjJ 

J 

d£ <LLwj<U<Uo ftiiLojji ^Jjj> l£| 

4^ <LLwj<U<Uo SiiLojji ^<CLmijL IS 


jj«o4Jb lei 

E! 



{j^wjdS ^lijid 

J 

4-5*5 c^bi^ ® 

djdjpj*c ^JdSd^^^ajdS J j6jU IS 


jjU dj<^> J~0 ^d£ d*m^AjdS ^jjbj\j H 

4^.JLwJ ^d£ d^mimAjd£ 11 



jllLy (jjLu^S ^d^lSjU djdj!^ ^djUdl pi£ 

1 


Mg(s) + 2H 3 0 + (aql + 2C1 


(aq) 


M § +2 (aq) + 2C1 '(aq) + H 2(g) + 2H 2°(1) [a| 


Mg + 2H 3 0 + + 20" 


Mg +2 + 2C1" + H 2 + 2H 2 0 


2H 2(g) + °2(g) 


-► 2H 2 0 (g) + 483.6kH 


2H 2( g) + O^ 


^(g) |C] 
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4^l»>4i « d&jdJ « 4&b$ 





O’ Cfl CM* 












0 jqJqJjo.s JLou glSLi 


4.0 Kg 121 


I. 273, 


$0.20 J/(g. K) j uijida fkj^S 314 K jjdjd274 K d dtuLS d}j 32 J d4j4j*4J i4lwjb 

8.0 g ED 4.0 gH 0.04g ® 

$LUjj«UdJ d4Jd::U ( 9 jLS4£ip4J ^4)j^ S*j3 i£4jU41 

$ jAiS ^4b uJj 3^6A tj&LiA&u ^4b 4) ^4b 

0 b 273 3^d ^IjcJau (€1 273 jjl-jAj ^yj^djub^u ISI b 273 j#i ^)<u 09 

t^jLSd uLSa^bj d^Jd^U ;£4J>b tPL£4£jj4J (pjj 4)j^ 

^1 (jdL ^jjL—j«l> El J 4 ^ b£ < *-b ^jdl^jj 4 ^ ^ <_$-*J 4 ^ v^ 4 ^. j*,P ® 

: jiidJ ^dLuLSdcwjAS (£4b jl^u ^IjL^ b,?::U jjj jl^bd djl>wl^l (p}j 4J 

^1 dj^> ^Ld’ l^J El ^bd' ® 

$UJj£d4 A) UWdjlj^S d4j4$4J £ 4J 

H kJ/molEl Kl °C ® 

$ jdd^ X K jb X °C 4J d4Jd^b ^ 1 g <^4 j 4^ i4b ^dj4J^j^jj<b fiJ LbuJ^nU <^4 j4^ ^jJ4J 


jblg&J 


cr®J 4 


L^®J' 


^ <>lj!y B 


uf® 


c$Oj “ bb>^ cr°J J 

$LUjijJdijdi £)j^ ^j4S d4J4S4J £ 4i. 

i^Lga -L0 -5-® 

g.°c g.K g.°C 

jAa (jA>aS » 35 J > ^jaS J)£luAj a}j 20 °Cj*0 °C ^jAl ,£AJj A), 4.0 g ^ASALyb , I^SUjaS j«b ^SajAa^^a 

Sl^AjA^ Alwb A^jb 


jU I 


J 

J 

10 

11 

12 

n 

14 

15 

16 


343-j-1 
g°c 


0.44 — El 
g-°c 


444 — I 
g-°c 


2.27 —® 
g-°c 


d t jjj 8g t£4£dbwjb j 0.384 jASAJj^ i^4jA£ jA^AA SaAaA a ^ UJj^Jii (jAj& i£d y Ju A J ^yiA ( j £< UA A ^ 4A t£AAAA4jj jAA .17 

g-O*-- ** * ' 


S 40.0 °C ^ajAS tfAb i>A l>yAS AjAJ 10.0 °C 


92.2 J 


26 J 


0.0016 — I 

g°c 


92.2—El 0.0016 J® 

g.°C 

^Ijjj4Sd $3 5.0 °C ^*j4£ t£4b b Ij5Uj 4£ djd 25.0 °C ^j^i^4b 4ij4Sd t ^y4jd ujjaJ6^ jjj 20 g 4S dJjte jb _, 

0.13 —^- jjj cl>i^ ^l>4S 

g. c 

0.0006 ® 

§■ ^ 


26 gs 0 


0.0006 J El 

S jujAJ IAajLmaS ^SyjSyJjL^ AJ ^AjAI JifrLudJ jljjit jb JJjAJjAA AJ 

H ® AG El AS ® AH ® 

iuJi jiAAjAJ ^aL^A^JJ ig&jS&A J AA dAjAijjb ^Syd^A djpLS , A££ ^jAl Ji^XuAj tjljj* jb JJjAJjAA jAA i^jb 


18 


19 


.20 


LSpS~? 1 
Jjb dd ^L.15*. I 

CuAtj J ^ J jjj I 

u L ti jjj I 


cr^J 4 ^ ls*j^ ^0j ^ 

♦ 4j 4^ jbji4J ^tbLu/ i^Ub ^4 j 4^ ^4jLu^b j4j 

(j^i>)j-oljb jjj @ (j^i>U)j-«jbU jjj El au^j ID 

:uJj^J ^4S4jW)4l ^iidjb ^dj4J uJjfStl tjdjjf-AJ ^4«4luaw j4j 

Cb^ofti ^-ojl£l £*+jbi j^^odj«Ub jjj I I Ol^did ^Aj<^ 1^1 

:uL^ dj^4J dJjli 4^45^ t bLu4J ^Sjjli j4^4J ^Ij4j4j 

bh b i ^ j£* * ~6bj<ijb ^ &£ El Cw)j j^bj j*4^ IMI ObbSi jLmm^ 4b J j 4,^ 

$uIJj^j djji^4l ddjLS Ut^ddj ^ , 

A5 jAji - jtj j AH ® 

A AH ^AjL.d-0 


j6jj_ ® 


.21 


.22 


.23 


24 


AS Jiij jtj j AH ^ijiiLj El 
AS t yAjw>*S’ j AH ^ijiiLj ® 


Lei 
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43^43 4 4Sj4J 4 &Jj yjibljb 


^ □! (*• 








0 jqJqJj0.s JLou gLSLi ^J^j^o^LoLi 


^4j 4£ jLuj^UjU jjjjjjAj i4jl:;U pAJ fhLS .25 

jjZJmAj Jj\S U J-w Jjti m 

:^LjLS uiSdi >A$ ^jiujU .26 


bjJbJj>6i <*S<La<LL*+**+i IS OL^jJu «<i£ jd£ ^ Jb 1MI OU'dJLoA^' jLLm>Aj hi 

S jja:!JU4J d^Saijb A) AS 4j4A jLuj^UjU jJjJjjAj djdj!^ i4jU4.' piS .27 

jl^ l^J jii HI Jtj iJbiiLa U^J 



: 4jU4j Uub t u«4Jj4« jAjj .28 


c^i^-s 5 c^bi^ j ® 

^jjftjb ® 

^j*ojd£ Ljaj |B] 


SCiiSAA AtyLuJ uwAJjAw JAjJ (jAijjS t j*U* .29 

AH - TAS 0 

A5 + TAH IS 

AH + TAG HI 

AH + TAG HI 



xuJj&dltofa (jAjA% j^4lJ 

uwjlj^S t to A G .30 

3j urjl-tf ® 


jb'^L^Jyb^i Jb B 

jb^u^jL^u Ju IaI 

AH = -150-^- 

mol 

AS = +2.00—^ 7 — 

mol.K 

4S 300 K (jAjA% i£AXj aJ 6Jja& kj /mol aj AG .31 

+750 M 

+450 IS 

-750 H 

-450 m 

x A G jA^Aj ubd^ dj^-4i dliljLS .32 

v^JulDl 

U4> j-o £1 

Cbb jJSjj^ A// 4j 111 

>-13 

&i4*$A ^U4J 4j ubd^ dj^-4J dlljb .33 

(j^iL l^J 

AG IS 

AH 13 

AS HI 

^IjjLSAbt^U dlj&Aj (jJUuuAj umJ 4i jJjJ 3 billjb ^jLj^S j ^jb4J umJ 

LjAj djdj!^ ^AJbAl j»li .34 

7A5 IS 

,j*S^ A5 j AH S 

A5 IS 

AH HI 


:dj4lpj£d4 jLS4ujIj^ j jL£4 T uLwb ASaljb djj $>j4i2wl^S 4i 45 4Jb*b 4 a1 jAj .35 

uT°J^ jb***' O 

:I JUjUuS ^jiaJjLS ^jLS4J ^aS ddj djlj>a jb jlji (pjj ijJ .36 

(iLJjli' (3 

: SI tJLu4}jd4j»U ^Aluaw A) 4u^4S .37 

1 * O 

: 4jj:;U ^AjAj$£ ^iiSASjjAj 6&$& S*jJ 38 

tr°J^ O 

:d$4jLu4)4£ j4b sjAAj djAlijjJ^iSd^ ld£4J644b <yb4j^b jl^u4J 45 AMJdjj jAJ .39 

er°J^ O 

SAAjdi ^4b bJ4J t 4£d^b (jAjAS ^4b t,£dj4J4j£jj4J jJ AuuJ^nU ^djj ^£jJ .40 

bbJfc' o 

: 4S^U ^LSaJ d^JjAJjdi ^jAS .41 

jb^ O 

♦ 4j^4Sjj<b ^ yL tS4^^j4A ^4b ^j(j4j .42 

O 

tbto$bj4£ JU4£4J jb LuJto J^bAA bJ4J4J 4£4&Jjb j4^4j ^5uSt>bj^ jAA (jAjAS (y^3)*3 ^ .43 

l^bjb (///) 

x to 1 atm ^Llw4j j25 °C ^ajaS 41 4) ^)4j^u$b ^1^4 ^J4 j ^u^£»u ^jb4l jljjb jb jlji £&j3 .44 

o 
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4^l£4i « 4Sj4l 4 &A 


'"* Cfl CM* 








^jjqJ Ijo^ JLou glSLi 


5 = -1.50^-^iAH = +35 kj/mol AS 120.0 K Al AG ^U<u .45 

I|l5 kj/mol O 


+jl)A^ 40.0°C jj »j» 22.5°C <U ,$jj 175 g ^jaS ^aJj ^jAji^SjjAj jj ipjj jjj 0.234—jjj <«oaI .46 


g- K ~ 

717J O 


.313 K ujj£j djd 293 K 41 dljLS uUj^j 96 J ^ ^ 70 g i£4S4lwjb 4$ 45J £j$? ^*>41 .47 

■ffO‘ 


0.069- 


J ^ jja dJ f C 3 H 8 jbjjj ^3^ ^jL^SLu ^4j4£ ^ AlUjL>4j djdjlji^ ^^jLubSjb .48 

: 45j ^ ^^JjLS 


C + o 2 - 

H 2(g) + ^°2(g) ' 

^tlg + 50 2 - 


-► co 9 


H 2°(g) 


AH C = -393.5 kJ/mol 
AHf = -285.8 kJ/mol 


3C0 9 + 4H,0 AH ° = -2219.2 kj/mol 


-104.0 kj/mol O 


Ajd^jik ?>aj tJLwjA^ ^£4 j41j ^ 41 AS° — 93.0—j AH° — 31.0 kj/mol Bf 2 ^ 


Br2(g)4^tbl»4JAA ^ .49 

djji- 41 


b 333 K <d *£&>. ^ O 


18 17 16 15 14 13 12 11 10 


|D] |D] 


m m 


m © 


m m id] m m m m j 


37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

21 

20 

19 V 

© 

© 

© 

H 

© 

© 

© 

© 

H 

© 

© 

© 

H 

© 

© 

© j 
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4 4Sj4J 4 4&J} ^Ijb 































































ujoldijoi JLou gLSLi ^J^j^o^Loll 




IOjOjOJj OjOjlj^ (jtiLojJ ^4j ^a^Oj : JOj &JJ& 

?bojOj!^>- (^4jb«AJ aSaj j4_A aJ Aj ,Jw>Aj C.~to Aj AjljAjspJj Ob AjtjAL*Oj COyjb Ob*lS" A^J (_£jLp .1 

AjIjAxwIj 


HC1(Z) ^ HCl(g) .f- 
^6^ 12®6^^) C 6 H 12®6^ • ^ ' 


AJIjAftL 


AjIjAIwIj 


AjIjAjuJ 


2NH 3 (g)-N 2 (g) + 3H 2 (£) , c _ 
3C 2 H 4 (g)?±C 6 H 12 (/) ./_ 

<^®j J J ‘lsO- r^ J ‘ts*^ '£ i3‘U4_iJS'jU j -A? — ^t! ———- .2 


.OUJjO.2 d- 

?d^lj jp“- aJ aSa&JjIS' jS'Ij C.»«j ^>r C.Jj Q ^ AG (^AjLJLJ 




]AjAA d*>OjOjl^>- c^AjA-JUlS^Ufe ^Aj .3 

NH 3 (^) + H 2 O(0 - NH+(aq) + OH ~{aq) + ojj 

AjIjAI^Ij^ oIJj jjj C.JLvO.3 jljAl^ljU ^15" ^ C—toAj .1-1- 

? (Aj 1 jAjsjcIj Ob 


^(AjljA^jcJj Ob AjljAX*»lj) 0yjb ^jbjjj Al^ljb ^15" C^JJj^+J (^jlSj-fc Aj JLvAj d^JluAj .0 - 


AjIjAjuj 


T AS CO jJjA^jjIS" AJj jAj j LaAjAj 0yOjjA^" Ob^b" cAjA >-^4 jjdJj (^AjIjAL^Ij (_£ AG^ A^Ub Obolj jA^Aj 

? Atf Ob 

AuJLw Ah A^JLy As 
Ah < TAS diljLS j AJA^jrf AG ^*$Ai jAJ 4J 


.(^AjAS j4w AJ jJtj J ^aja£ ^Ab ) 


H 2 0(/)-H 2 0(g) 


! jb LoJa^ (^OjOjI(^AjAaaaIS^La ^aJ .4 
A// = +40.65 kJ/mol . (100°C ^aT ^aL a)) 

j,0 ^AjAbJ 

Ob OjOwL^jaS* (AjI jAloolj^ AdOJj c^A^ljb bb . I - 


?AjljA^sJ*d Ob Ol5o^ jb AjIjAI^Ij (_£Al* 0 jb C^«jA^ bb - 

?AjljA 2 seJj Ob olS'o^ jb AjIjAXaOj (^Al^Ojb cbb - 


AJljAftij 


AjIjAIaJj 
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4^l»>4i « ASjAJ ♦ Alb; ^^umIjU 


O’ dj CM* 






















0 jqJqJjo.s JLou glSLi ^i^oiLolj 


*1 OA^ajlS^ j ajajoJU ojajl^ ^4 j ^a*3aj : \jJuuijj Ju 4^- 

^Aj b ^^I>-lj ^5+Ujjb Jj4j>r ^OjAj jJ llAj j ^L^^Sljb J 4 S 4 J jl5A^>-j!3lA .5 

: j ^jjoj ojojl ^>- 


I 2 (j) + Cl 2 (g) 5 ±2ICl(g) 

AG° = -5.4 kJ/mol j A#/= +18.0 kJ/mol :1CI JA& ^yS ylj* 
Ob o yjb Ajlj4£**lj ^53jlS" (.AH aj .i — 

Oj^>“AJ 4jIjA^tJj Ob aJIjAI*Oj ^^JlljlS" bU 0JL515 "<Uj 4JI^L Ojb aJ .— 

?AjI jA^Stb Ob oyjb AjIjAL^Ij bb (^jl5j_k Aj .^ _ 


AJljAfti* 

AJljAlwIj 


AG = A H - T AS 


TAS’ = A// 3 - AG’ = 18 - (-5.4) = 23.4 


M 


mol. K 

.0j0j0jj*\j 4^oJL^-ww«j ^»Aj ^ TAS <^lfcAj . 5 - 

23 4 

AS = —— = 0.0785 kJ/mol.K 
298 }/ 


25 C 4 J A^Aj (__£ AS (^IfcAj .A - 

?c.^bo^ aJ b 0L«bf j jpi» a] ijb^lljl5" j»l5" a^j c5jLo cojojojj-b ajojl y>~ c_£ a^i)jI5" ^aj ^i^ajjA_** c£ojj 

C(j) -> 2H 2 (g) + CH 4 (g) .(. 

A // 0 = -75.0 kJ/mol j AS 0 = -80.7 /J(mol.K) 

r = 298 K j 

AG* = AH* - TAS* 

= -75- 298 X -0.08) =-75+23.84= -51.16 kJ/mol 


4Jjp- 4i 


3Fe 2 0 3 (j) -» 2Fe 3 0 4 (s) +10 2 (g) 
Atf° = 235.8 kJ/mol j AS 0 = 134.2 (J/mol«K) 




7 = 298 K j 

AG° = AN’ - TAS 9 

= 235.8 - (298 X 0.134) = 235.8 - 39.9 = +195.9 kJ/mol 
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4 ASjAi « &jj t^LWljb 


' v □! (*• 




















i^jqJqJjo-* JLoaa gl$Li ^J^j^o^LoIj 

ifljfljflJj djfijl^AJL* j ji ^Aj ^o*^0j J J a) .‘ Ajj^S"' 

utJU JJj jlijAA Ju4£ jIj jL&AA AlAJ AJ ASaJjLS jAJ j4£AJ*$j*5a^ ^ASLAAJ ^JUuS ^SaSaJjLS ^jAS ^SjjJjLj 


?C-Jj£P«* IJLO ^ISaJo^U aT ol5o:> <_£jlp Ajdjj jAj y. ^ .2 

Jj. J^aJaS AJ AJ jL) ^JAm ^Ab AJ AJ AJ * JJJL< AJAJ ^AjAS ^Ab ^JjAJJ^SjjAJ AamJ^aJ AS *^ajA£ 

( ^jAS ^AJj j JJJU^AImjU J AJ JjtjUtfAJ 


.OJOjA^j <jjjj I^^LaS^jA? aJ ^j!^L J ^*j4^ a) d. >»»AjA^ 3 

uJj&J UIa AH°c AJ .JJJU ^SCdj* ^jLjjjm jljAJ ^jLS AJ jJjAJjJJ ^4jAS A) AxuJjJ t jlbj^w ^jAS 

AS uJjJJJlJ bjl^lj jj^J ^JJj££d)L£ jLj AJ jL&JJJ j&£j)LS £$ljjlj £>J ,Ijj jialj ^Aj ^jLSj^ ALSaj AJ 

^jLSaJ ( jJjAJjJJ jU ) jljjrf tJAaAli^ ^AJ Jj ,IJ^JlJ ^SJjAJJ jLjAJ uJj&J ft$2j IJjLj AJ jljjlj a SjjJ AJ 

4jAjA 5 ^Ab jAwAJ ^Ajlj^l jAJ A&jj ^^J Jj . JjLj £d$\ jjlj JjJ jAJ (jljj* J^ ) ^JjAJ^J AJ AjLuSAJ lAJJj£&JjL£ 

.uJj&J £>L)J ,uJJ ^jAJjjjJJ ^ASjjl^Jlj JjLj 

iolo^o^ (jLJdj T.N.T ^-jj a>L*v l /3 j 15' ojojI^A jAdlSjUb ^»aj .4 

2C 7 H 5 (N0 2 ) 3 (/) + 120 2 (g) -> 14C0 2 (g) + 5H 2 Ofe) + 3N 2 0(g) + ojj 

. Aa 3L^ bj c *3 a^CoJ^ IS' ^ a! l ^ AG . o^©^jCw\j 

jjjj ^4 jaS j-jjLS aau Ah 

AxJLm AG ( AJA^y> AS Abj Lj Albjj Abj AJ ALJjLS )jjj i^SjLS AJ jjjUj j^jL^AAjAJ AJ jLSjjL^ jjjaI ^JjUj 

4jjp- AJ A^aaAA AUJjLS j 
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« 4Sj4i 4 &S) (A^l>4 


O’ as cm* 


















0 jqJqJjo.s JLou gLSli ^J^^o^LoU 


\ij\ j&U-j 4J ^Ui jt a! oaS”O jir j aj«jl y- ^ajLaijj ^45 Jii Asr 

2N0 2 (g) —> N 2 0 4 (g) ?ajaa OLojojI^ s®- t^4jUjLj|j j tiJllJjlS” ^aJ .5 
AW/ (N 2 0 4 ) = +9.2 kJ/mol 
AW/ (N0 2 ) = +33.2 kJ/mol 
A G° = -4.7 kJ/mol 
T = 298 K 

AW° = (aH^(W 2 0 4 ))- (AH^(W0 2 ) X 2) 

= (9.2) - (33.2 X 2) = 9.2 - 66.4 = -57.2 KJ/mol 

.OJOjOjjJj A^lIjlS* £4j AH 0 (_£b*b ^ LlfcjlS^AjAj .1- 


A G = AH -TAS 


tas’ = ah' - ag' = -57.2 - (-4.7) = -52.5 : 
—52 5 

AS = = —0.176kJ/mol.K 


ojojojjjj A&jjlS" fAj (J A S° (_54 3j~S -v • 



?Aj^2®- a) A^lJjlS* ^Aj LU - 

q = Cp X m X AT = 4.18 X 180 X 30 = 22572 J 

ojojoj^-b 40.0°C V; ojo 10.0°C aJ jU 180 .Og ijiil ^SjjAj V; - .6 

.» 4.18 J/(g*°C) jb‘ ^jaS” jaSaj 


ag' = AW' - TAS' = -196 - (298 X 0.1259) = -233.5kJ/mol 
25 C aJ O^djOj^Jj O^Oj l^>- (^A^lJjlS* jAj ^gita^AjjA^j ^.1- .7 

2H 2 0 2 (/) -* 2H 2 0(Z) + 0 2 (g) 

AW = -196.0 kJ/mol 
AS = +125.9 J/mol 

?Aj^3®- aJ A^lljlS" ^Aj blj 


L J 
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' v □! •* 
















191 


148 ii 


ujoldijoi JLou gLSLi ^J^j^o^Loll 




• ^ ol J6JJJJ 6jA_jj)jk aJ) a jj A_iuA-aA_A <a£a^11jL^ .1 


ajAV^k aJ Ijjl^A^a^j A _i_i^>jA^ ^aJjAJ <A^A^aJjL^ 
.^l^djjA.j AjA^<lL »iJ<j <cJj6Jjjj 


ajAjjjL Aj ljjL^6jjA_i A i^ajA^A-L aJ ,a£a£jJjI£ .£ 

.JjL^A_a^j A-ij-ojA^ A_L viJAj <olj6 Jjjj 

.oljLijjj 6 jA_»j^, aJ jj&jAJb <a£a£l1jL£ .J 






*±UJ cr iL^6jj3l^-oA_AjA_> ^jA^ .6 

a£a£I1jI£ i^JAjL^ ( A^_jJjjIjA_i 
j&.U-ajA^ .^. ja^ajA^ .! 

U^JJ^ cr 0 ^ J J 4W* - 1 «7 

.djdjA^jLi^ dLLl 

J ^£_4jA^ ^ ' \\1 ,,.1 \ M J_i A^ A -V A_jLoA_1j jAa _o 

Soj^I^A-I^J ^-> < ^Lj^ jA^ 

,^-ajA^ ^LSUAa (_£6jAJijJjJ ja a£ (^AjA .^jU jA_j .8 

.A^u j^jli Ajij M AjL^A^j ^-6jA^ aJ 

<5 A// ^l_AA_j A^6 JjI£ a£ A_iljl^jJfc jAa .9 

SCjjJjL^Aa AaLujIa jA_j j ^Ja a ^LujLj .10 
LT 5 '-^ ‘f 4 ^ ol^ 6 JjL»J .11 

Joj J J^ uW iS 4 -*^^ 

Sc4»aj ^ ^A^Lii^ Sc4» 

Ajl£ 6 Jjl£ o3^ (5^ (JtJ^JJ-i jj*-i *12 

S»«lU’iuQ.« 

A^ua-oA_A AS j Af/ ^l_AA_i ^_aL^aAJ> ( 5 ASI .13 

?olj6J Cj^AajAxu (56jj ^aaJLuj 

J (5^ ulfcH *14 

UJJJ 


duLUJjJi 


(i#j^ ir 4 ^) 

t _gA^A~i,*jjLi A^ t SJAj^jJ AJ ^y^A_iA_i^^aj 

Ij 1-5 AiiAAj ? 94.6°C .jAj 22.4°C aJ ol> 55g 

•( 1 "5 C5-^^I 


dl4^6J <u jjjljAJ«L6 


(55-A AJL^i^J <6j6jl5iw (^AjLkjJjjLj ^aJ .1 

LT*J^ L 5 ^ j t^jjj -| 

(lt^ 1 -^) C 5 ^J^ C 5 ^JJ 6 j'-‘ C 5 JJJ J LT&J+k iSJJJ 

j iSiJJ+k ■£ 

•L^J 4 ^ J J 

j-} <Z<T>e>JJ$. tjjj. Ja^. .2 

:6 J 6 jL^ ( 5 <S ^J^ U^H» M j ^ A-AjA_> 

C(5) + 2H 2 (g)^CH 4 (g) A// = ? 

^Aj ^J>1 \\AjL^A_iA_i «dJjA_^, A^lJjl£ ^A_j ^ A// (^L-AAj 

Sdj6jlj^. 5A_j Laj 14 ^ aj 4< \ 4 r./X jLa 

C(J) + 0 2 (g) ^ C 0 2 (g) 

A// = -394 kJ 
H 2 (g) + i0 2 (g)^H 2 0(/) 

A// = -286 kJ 

CH 4 (g) + 20 2 (5) ^ C0 2 (g) + 2H 2 0(/) 

AH = -891 kJ 


1856 kJ .£ 
-1856 kJ j 


75 kJ J 


-75 kJ 


C^JJ^ jA^ j A-q^A-J ^Lpl^AlcujLj A^ jjJ .3 

‘u3^ 6J l j^J 4 ^ ‘UjbW^ u 1 ^ 

.CiLi.6JJ6J jA£ (^aL (5jI-oa£ 

Ijjj^ cr*j^ J 4 ^ •' 

.6yLaA^ (^A^Aj (5j5^. ^aj<£ (5 A jAj -o 

,(jAa6Jj6J ^jA^ (^aL ^jL-oA_A ^Li^jjJjA^A 

. Qjj^ > ( 5 jL»J ^,~ja ja I^a La <6jAaIaAjLaaI j ^kAj .J 

SAaA^A ^AjJLiAi AS 6 j 6 jl^ik. (^Ajil^ aJ -kl_^ .4 

. Jiu ij ^ ^_> ja LiJ a_a j 

jj 295K aJ jLj 1L ^jA-ojA^ (^aJj (56jAaJ j£jjA»j .0 

. 350K 
.Jts lmol ^.HaajAj 

.^Ij^uuiLi (^AjIjAJ g-AA .J 

jij ^ ^A^aJjL^ -kAj .5 

: C-M > 6 Jj 6 -Aa-QjA^ 

2N0 2 (^) ^ N 2 0 4 (g) 

6j6jA^ (5 a1aJjI£ jAj ^L} 6j6jl^ik (5 aJ>IAjj_>j£>j ^aJ 

Sol^6J 





A^b-Aj 4 ASjAJ 4 Alb; 


O’ OS CM* 






















0 jqJqJjo.s JLou glSLi 




jL5*:jjL5” ^;jj jJ jI^*jj'■ I (j ai a> j‘*. 1 • ! *6 

jli’ijj:j&Jjli’ «J ijtf' to 

J Oj O* }4^ tliLuLtabki' ' J If "W jL jljJ^) #JJ Sjrf jAj >ulijjl^ j4^ ♦( »7 

4^. 1 31 DTI ^j»> Lp 4.J ^ J 25 C dj bj | i ^ 4j I1^,0 \£j b ^ (_<f* LS" 4,,^4.J U ^jJL> ^ ' 1 b" 4.J 

.^C>P*b \£j^ ^ li&iibo jlj4j 4J jJjdjjbi ^ ^ 

* £ ***~ * ^t* IfJ jLojjjL4-o4^j4j ^AjtiS J ^bj-j 

.AH° = . j X AHy 7 ^ i>* ■ j X jjj^jb AHy 7 *8 

jb'fijjjl^o4Jbj4 j , jjJLub* 4jfjU4j j4j j , j b* 6 jjj IJU 4p j jb'&jl^A&u 6Ju4j ^JjLoj ^Ijj^ »9 

. jijL^jbd^ cbj 

iiJ<iU4»> j4j j4j ^4^*Ub4j Ibj 4Jb ^ A H ^-Oj4^ ^S"jj5 jU 4.J ^LpU ♦ 10 

^•Oj4^ 4.J j 5j4jp jj«L> ^Ajd£ ^^jjijU j4^4.J 4J ,CwjI j ^jjj <ib>jl&4Jb Jj4.> ^jL jl^J44b 


In 


jj4^j Cw^ Sj^jb*Sjjjl^-o4Jbj4j j jlbijjij5>.5bJjlb ^j-o 

• a-JL, , ol^M^ .11 

*12 

♦ P44.>J^o AS J C^JLmi AH ♦ 13 

♦ ®J ^<-> tb ^* 0 *^ 5j ♦ 14 


AT = T 2 -T 1 = (94.6 + 273) - (22.4 + 273) = 72.2K 


q = C p xmxAT= 0.897 -^- x 55# x 72.2AT = 3.6 x 10 3 / 


g-K 
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42^4^ « 4 Sj 4 J 4 4&bJ ^Ijb 





^ □! •* 






























Lob 1 ^ Ij 5 I 4 AJ A^ /\H I ^_>1£1_AAj 

C^J ^ j J-» <a 4«-Jj^ A -» 

.6jAJu*jLji 1 mol ^J>1 \jfl -aA_AjA_> 

(_£^xuL> aJ A_*lj_j jl_^A_) ^_ajA^ ^_iL^AajjLijI j 23 

^aJ>Lo aJ A^AjjA^A ^j-ajA^ (_£6jAljjjJ j_» Ij 5 _ I 

CaC0 3 (s) -* CaOO) + C0 2 (g) J 
Ca(OH) 2 (s) -* CaO (s) + H 2 0 (g) v 
Fe 2 0 3 (s) + 3CO (g) -* 2Fe(s) + 3C0 2 (g) . g 
Afy = -1263 kJ/mol ^Ua^ C 6 H 12 0 6 (s) 24 

1 mol v*LuL£ <6j6j6Jj Jj (^IjJ^ 

• H 2 0(/) j C0 2 (g) j-> c 4 ^jj- 6 j j^>S 

^6j6j63j Jj Ajjljjj^ JjJ jAj ^jAjI^j ^jA^ 25 
b j jj^ C 6 H 6 j «C 2 H 6 ^\j±> a£ 

^A-AjA-j H 2 0(/) j C0 2 (g) j 

($ 6 jAjJj£j£ ^L^jjJjA_A 

aJa£ < A//^ 1 £UAj m AjL^AjA-a 

^l&LaLajAj aJ AajLjJJ J |5— 1^ A " r.. A 

^jAS (^^jAAj^jJ ^A-ii^jU ^LiIAjI^AjAj 

•■sj4 \"l ^ < \\ \ ^0jA^ aJ dllJjL^ 

C 2 H 6 (g) + 0 2 (g) -> J 
C 6 H 6 (/) + 0 2 (g)^ .o 

—277.0 kJ/mol C 2 H 3 OH 26 

‘l J 298K ^jaS ^aL aJ 

fj A-o A-A jA_i c> ij nlj I j jA^A_j 6j6j6jjJj J^jUbj 

•(3-5 ^bj-j) -u H 2 0(/) j C0 2 (g) 

0 -luA_)jA_uj (j&jj J 

AS = -36 J/K j AH = -356 kJ aJ 27 

L»U <6j6j6jjjj Ij 25°C ^j-i-ojA^ ^aJj aJ AG ^Laaj 

^‘ 4 \ \<\ &'j) a£a£UjI£ 

AS ^Uaj j 98kJ a^j 41 iljl£ ^ AH ^Ua, 28 
^jaS ^aL aJ a£a£11jI£ aJ , 292J/K 

^jA^ ^A_L (^AjAJj^jJjAj LU <a 1 j ^jLj Ijjjjj 

^_>LjLui a^ ol^6j a^aI^jI^ ^jAjj^. aJ cU_ v jjA^jj 

ScAj 

‘j -76kJ ^I^aj^jJjL^ aJ tfl\^A_> (_£ AH ^Laa_j 29 
4 ^jl£ AG ^Uaj , -117 J/K = AS ^Uaj 
L»Lj 298 KV ^ojA^ ^A_L aJ A^ 6J6J6JJ Jj 

S^^aJLj ^L»Aj£ik aJ <a£jJ jl£ jA_j 


^jdJa^jOi JLou gl^Li ^i^j^o^Loll 

A^ 6 jA_j_ujLj ^^A_jAjj^a_> A_jlj^djj 3.5 kJ jA^Aj 16 
<lj 20.0 C C ^j-ajA^ (^aJj aJ 28.2 g ^A^AJLujjG 

1-5 A1 Li\ A_jlJ jJ SaJjA^, ^a£ A_> ^ajA^ 

•o*"^ L^J 4 ^ LT^b >? 

^-ajA^ (^aJj jAJj jj^jjA_i AjA^A 70.2J Aj Oj~\<uj^aj 17 
24.0°C $> 6 ja, 23.0°C aJ < NH 3 (g) U>a: 34.0g 

(5 1.0 mol jA»a ja^aj 6 j 6 j 6 jjjj In £p 18 

297.5K AJ ^A^A^ajA^ ^aL v^l£ 23J 
. 299.5K j_» 6 jaj!jj^jJjAj 

(j fcjfcjb^ A \1 Ijl^ ^aJa^A_j jA_A ^ A// ^LaAj 19 
a^j ^jLjj a£a^ 1 JjI^ (Sjj^ 

(j A J 

CG) + 0 2 (g) ^ C0 2 (g) + 393.51 kJ j 
CH 4 (g) + 20 2 (g) -* CO 2 (g) +2H 2 0(/) o 

+ 890.31 kJ 

CaC0 3 (s) + 176 kJ ^ CaO(s) +C0 2 (g) . g 
H 2 0 (g) ^ H 2 O(0 + 44.02 kJ j 

I J 1 ~. J < J, l A 20 

j"' (j A j ^' 'jJ<^aJ A H 

:<&j (j a j ^fsjljLS ^jj^. ,j 

2H 2 (g) + 0 2 (g) ^ 2H 2 0(/) .1 
AH° = -285.83 kJ 
2Mg(s) + 0 2 (g) 2MgO(i) .o 
AH° = -1200 kJ 

AH 0 = +62.4 kJ .I 2 (s) ^ I 2 (g) . g 
3CO(g) + Fe 2 0 ,( 5 ) -* 2Fe(s) + 3C0 2 (g) .j 
AH 0 = -24.7 kJ 

uj ' A ^ 1 * "JJ 1 J-l A . 2 J 1 ^ ^ . 5 — I A .^ i: i l_j 21 

4 -l ^LujU _}4J a£a-i j 4_4 (j^M 

cKcK* 1^,1 K aJ .+'.".a . aJaJ i AH J ^LuL^A^uLj 6 jAum 

:A^J J A \lj)A ^ J . IjK ^ A H J AmJjIj 

CaCl 2 ( 5 ) j 
( t j 2 lj‘i | uA_J jL. ^AJLi+Aj C 2 H 2 (g) u 
SO 2 (g) ■£ 

f.<i 22 

2Fe 2 0 3 (s) +3C(i) ^ 4Fe(j) +3C0 2 (g) 

<0^6J ^jIjiiiAj IjlcuL ^AJj^aJ 
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« AS>AJ ♦ Alb; ^^iLyljb 


OS CM* 










□! (*• 






































ujoldijoi JLou gLSLi ^J^j^o^Loll 


2 F 62 O 3 + 2C 


-► 4Fe + 3C0 2 


23 


T ijJdj Am ' L ’ lm ^' Q g4 Ibd ) jJ^O ^'j ^—°3 j ■^— 1 JjJ 4 J Am* ' A* ' i£ A 'ill ^jUb JI £ 


I /2 Fe 2 03 + l / 2 C 


Fc + 3/4 C0 2 


A//° — (iji^ ■ j X jiAAji; AH^ ) ( J>» . j X jjJjSjli’ AH^ 

l kj 3\ / /c/ 1\ 

Atf° = ( —393.5 —7 x -) - -824.2^7 + -) = +117.fc/ 
V mol 4/ V mol 2/ 


195 


CaCO, 


CaO + C0 2 


AH ° - ( ( - 634 - 9 ^> +( - 393 - 5) ) - (- 1207 - 6 ^) = + 179 - 2 

Ca(OH ) 2 - 


kj 


mol 

*- CaO + H 2 0 


kj 


A H° = ((-241.8—4) + (—634.9)) - (-938.2^4) = +61.5- , 

\ mol J \ molJ mol 

Fe 2 0 3 + 3CO -► 2Fe + 3C0 2 


A H° = (—393.5—4 x 3 

V mol 


-824.2 


M. 

mol 




kj_ 

mol 


A H° 


^6^12^6 + 


kj 

-393.5 —-7 x 6 
mol 


kj 

-285.8 —-7 x 
mol 


-► 6C0 2 + 6H 2 0 


k] \ kj 

-1263— —7] = —2813 


mob 


mol 


C 2 H 6 + 7/ 2 0 2 


-► 2C0 2 + 3H 2 0 


AW 


= ( (-393.5—4 x 2 ) + (-285.8—4 x 3) | - (-83.8—4) = -1560 

\\ mol ) mol J \ mol) 


k]_ 

mol 


C 6 H 6 + 15/ 2 0 2 


-► 6 CO 1 + 3H 2 0 


A H° 


kj \ kj 

- 393 . 5—7 x 6 + (—285.8 —-7 x 

mol J mol 


+49.1 


k]_ 

mob 


-3267.5 


kj_ 

mol 




:? .24 


.25 







OS CM* 
















































0 jqJqJjo.s JLou glSLi 


A H° 


C 2 H 5 OH + 7/ 2 0 2 

) +( - 


kj 

-393.5——: x 2 


mol 


kj 

285.8 —— x 
mol 


-► 2C0 2 (g) + 3H 2 0(g) 

3) )-(- 277 ^() = - 1367 - 4 ' f; 


mol 


T = 25 + 273 = 298 K 


J 1 kj kj 

AS = —36 - x—2- = -0.036 


mol.K lOOOy 


mol. K 


kj 


kj 


AG” = AH” - TAS” = —356—298 K X -0.036 , 

mol \ mol. K 


) = -345 kj 




27 


196 


J lkj kj 

AS = 292 - „ x—2-=0.292 


mol.K 1000/ 
kj 


mol. K 


A G° = AH° — TAS° = 98—^t- (^298 Kx 0.292—^—) = llkj 
mol \ mol.K/ 

63 °C <J) AL <J jAL A 4 j3>4JU 


J lkj kj 

AS =-117 - , x ——— = -0.117 


mol.K 1000y 
kj 


mol.K 


AG = AH -T AS = -76 


298 K x —0.117—^—) = —41 kj 
V mol.K/ 


mol 


AS = 41 


j 


1 kj kj 

X = 0.041 


mol.K 1000y 


mol. K 


AG° = AH° -TAS° = 11—1-7 — (298 Kx 0.041—= -1.2 kj 
mol \ mol. KJ 


kj 


4 4Sj4j ♦ 


.30 


.31 





□! (*• 








































jjJ ^A_j Oj \y>\£ 

Jj 298K , 3-0 j<£ c$A-ij Aj J ^jA^ aJ a£ 

aJ AG (_^L_AA»j jj J A/ 1 J AS ^jjVi >1J I j jA^A^j 

.Ajdjdjjjj Ij 448K (_^a_L 

Fe 2 0 3 (s) + 2A1 (j) -> 2Fe(s) + A1 2 0 3 (, s ) 

AS = - 38.5 J/mol*K , AH° = - 851.5 kJ/mol 

<Aj6jl^A \l r./Xjl A A^A^jjA^A 38 

Ja^aJ A// ^LaAj <j~A*\4 \ JJ 1 <6jdjA-ui^^jLi 
:A^_> ^jLj ^J&J-i-ajA^ fcj-aj-ojA^ ^jAjIjJ^. 

2S0 2 te) + O 2 (g) -* 2S0 3 (g) J 
AH = —197.8 kJ 

2N0 2 (g) -* 2NO (g) + 0 2 (g) .o 
A// = +114.2 kJ 
C 2 H 4 (g) + 30 2 (g) -* 2C0 2 (g) + 2H 2 0(/) 

A// = -1411.0 kJ 

:6 J 6 J 6 jj^ 6 J 6 jl>* C^A^lljL^ ^AJ ^j-ajA^ 39 
4FeO(5) + O 2 (g) -> 2Fe 2 0 3 (5) 

Aj a£ 'A \\^ 'jl ^4 > ^-ajAj^ ^ISA-ijjLiJ^ 

UJJJ Ij (5—I) A ’iL'V L» 

(CH 3 OH) J^jLL»-o 40 

IAjA^Aj A \ 1 t > j 1 . .. A f*.i t» 

COG?) + 2H 2 (s) -* CH.OHte) 

AS 0 _, t< = -220.8 J/K 3 A H° „, lc = -90.7 kJ 

a^jJjL^ ^aJ ^jA^ CS^A} ilhL^ 4 ^ 

aJ jlj44jl£<J A^^ajA^ 41 

Sa£j^ Ajljjdj ^4_j j^_i S4-_i_i-^. I J_v^jA^ 


CO j H 2 0 . C0 2 3 H 2 ^3 J aJ 30 

J 1 1 kJ A^lljlA ^A_J ^ AH ^LaA_» i J ^A^AjAj 
6J > <J a£aSIF>1£ L»U <6 AS = 41 J/K ^Ua_» 

Slj 298K ^-ajA^ ^aA»aJ oljftj jjJ 
jA^A AG ^LaA_i a£ ^aJLLa^j jAj ^jJLjA-i 31 

.a^a^LS 
T = 293 K .AH = +125 kJ/mol .1 
AS = 0.0350 kJ/(mol*K) 

T = 127°C * AH = -85.2 kJ/mol ^ 

AS = 0.125 kJ/(mol*K) 

T = 773 K lAH = -275 kJ/mol 
AS k 0.450 =J/(mol*K) 


jAj 


^aLaJ (^jljjjliuAj ^l]j\S (g AS 0 ^Laaj 32 

. 0.00300 kJ/(mol*K) aj^j .Ij 298 K ^a* 
a jj-^ ^4 aj6j6jj j-> a£1JjI£ ^aJ ^ AG° 

slj 298K ^ja£ ^aL aJ a£j ^jL»j 
C(j) + 0 2 fe) ^ C0 2 (^) + 393.51 kJ 
(_£a!j aJ <t 2)A^aJ (^a^jjJjLa Ja£aJ > 2 . 1 } fl I >'\\~\ *\ 33 
j AH = -74.8 kJ/mol ^Ua_, Jj 300.K ^ja^ 
a£iF, 1£ f c LU AS = -0.0809 kJ/(mol«K) ^Ua_» 

SoLdJjjj djAj^iwAj 

ScJjLijjj ^4 (3^FaiIj a_» a£ 

^kA_j ^_1 ^yu\ A ^LluLj <A^j^^iiiLja^6ijA^_>^j^j ajj."u ^A^J 35 

Sn(s) + 2Cl 2 (g) ^ SnCl 4 (0 

< A// (^Laa^j ( 3_> J^5L»^Lj J A \\ v jl *\A > A^ajAjA^jjjjA-Ij^ 

j 6j6jl^k (_$aJ>IjL^>A_A ^aJ ^jjL$JiA_A jA-A j-» 

Sn(5) + Cl 2 (^) ^ SnCl 2 (5) AH =1 

SnCl 2 (/) + Cl 2 (g) ^ SnCl 4 (^) A// = ? 

Sn(5) + 2Cl 2 (g) ^ SnCl 4 (/) AH =1 
:Aj>L^6J ^J ^_jAJ)|^1j ^_ajA^ 36 

aJ ajja^ kJ a_i <£ji — 296.8 k J/mol 

aJ S0 2 (g) <jj\£ 30.0 g 




A^^>AJ 4 ASjAJ 4 Alb; 



















O jqjo^jo.» JLooa glSli t> i.»j5o.»Lolj 


OJIjIS ^ISoijLij d*JIjIS ^ o4 ijS 


4j ijlijj ,j-£>l j*»b jL^j Jj 4J& jl J*> db JU4J& , jj 6j4^*5*4j 4J jl5*4«*jL-a-^ jl£* ^f 

♦ IJjJJ ^2) LlUbO b> &J 4**) I J l 1 C^ij) J I ^ I _J 4,^ 4.J ^iM)U 

tJu a jIJL*4j jlf 4 *jL.g.S 4&*Jj\£ j! 

♦ CJj4j6JCL> IjCu 4^4&Jjl^ ^4 jSj j j4j ^jj&j ^ 

.Coi I«AJ6 jj,> ii^Lo j4J& &£ ^Aj\jj£ jAj ^ 

♦ jlijljLh> ^ jl^&j^jl^bo4^j4j j JiiLo 4^* j4jl&Jjl^ j4j 


♦ jljLuLj^ ^>J<d jl^o4Jb4j jl^6jjjt^o4Jbj4^ j jlS*J jj i )j£*Jj\S &^Lo &S j4j 


2H 2 0 


(g) 


2H 2( g) + 0 2(g) 



j j£aj4j aj^5" jJ <£j3 ^-?y 

jj^> c^4j 1^j4j ji^4j ,^L*^ ^I-iJJJ ^J4b 4.4 jU J& 4j4j ij^> jj^o4J& ^jj4^IJ^4j4j 

^j->I4 j ^jj4^Ij^4j4j 

(”^1^4-Lo4Jbj4^ c$ 4Jj4^lj^4j4j M 4j|j(i'U c$ 4Jj45'Ij^4j 4^ jji j f? ^l^o4.^j4^ J^4 j4j” Ijli' J^4 j4;) 

♦ CU4- * 6 ^ ^ ^ 4i &j Aj I Ij I <4^* 4 j 4j ^jj \£ 4i^o 

jUyr ^ 4jLyj ij l> . I 

14^ ^ ^ «11 

^Ju jd£\j£ 4«>4j ^4JLyJjlj jL 4^4jlj4^ 4^J,j»4Jbj4j ^j^ 4JCu4j 4 jIj Cmj4j Ijl^ jd£\j£ 4j 4^ ; j^ii | 

♦ <LJ jj^j^ jb 4 j ^ jl^6ij4^ (> ^jj4^I^4j4j ^ Cwu^Ij ^Oj 


AB + AB 


^ A 2 + 2B 


O 3 O0 00 

, ■ A n A.> - AB AH ^ A 


AB AB 


«,. -> «' 


O 


Ijli'L j4i'ljL^4j4-» Ijl^L j4i'ljl^4j4j J^JJ ? ^jJ i^j 4^* I AS* <L» <U 

jU^^ 4,^«g|jlj JJ^4JLyj4» i jU^ ^4JL» u Ijb 



42^45 4 4Sj4J 4 4 £u£ ojittljb 


l3 


<o^ 


I 






























0 jqJqJj 0 .i JLou glSLi ^i^j^o^Loll 


4j j ijjJ jA£\j£ 4j4j iij4jT 4,Ju ij 4^ jl^*j4j uljj <j J L u ^Lw^jT j\£ 


j j 4 ^*U (jJLJl^ jl^Sij 4 ^* Ij 4 j jlijUj 5 * 4 j 4 ^ OL& 4 JL&u ^ 4 J^L ij 4 jj j 4 J ^ 5 j 4 j$ij 5 s. 5 njJj cJLJ j 4 ^l jS>lj 

.Cw^ Ijli'U 


Jjjib Jfc jlS'ijji^.lijli' iiiLo Jt 


: J 5 jj u 


jjjLo^ 4 J :E a ^ 6 jj 


4a}^<Laaj 3 «Utj4-Lalj Ij iS 





♦ 4Jm^L j 4JL ^ bj u jl^jljLb> 


AH^ ^ — E a — E' a jL jli'ijjJijj — jl^ij>>L^-04Jbj4j jsjj - A// Av .a 


A// . ,< = E' a - E a jL j6jj- jU'ftjji^.ifjl^ ^jj = A//^ L -b 


jli'ijji^^Jjli' Jijj — jL^^L> JOj " Ea * c 

jli'ij^jL^o^jiU Jijj — jlj£^3l> cSjJ"^ JOj = ^a 


♦ 4j 4JL<«.***j A// 4jIj Cwj Iji A H jL -dj 4j ^ 

♦ CujJ&ili jJLyj 4 j Ij4j Cwlji4j ^6jj jL-yjjj 4 J j4^4j ^ 

♦*> j 6j6i 4J Ij^ILwjIj 15" Ij4j j j 4 j£j\£ 4J C^uj'uojj ^£ijj ^ 

♦ 4,r I j 4>^iiW jlS* j i^o ^ Oj 4^* dj 4^«^j 1^ Ij4™> ^ c^t>) j*^A^y jj J 3 

, 4JL^b j 4JLJLLi Jijj jl jIj ^jljL> 4 jIS*6 ^ A// dllfjli* ^J6jj ^ 


^ 4 jb 4 j ijlS"jji j 4 j ■>^Nii 4 ^Ni^J 4 .J jL-J ^ 6 j 4 jLj^ 4 J ^jlS* j ^w>jjJuUb 



, 6 j 4 jj 4 ^ 6 ijjji (iJLJ 4 -JjJ^-*J 4 j ijj 4 J& 6 j 4 JJ 6 i dLjj (jJllJ 4 ^ jj j j£>jjjj\j* ^jlS" ^ 15 ^iij 4 ^ 4 ^JjJn Iijjjj 

.Cw (JJLu ^jj ^JU4.^ j j.^5wj dl^J jl^6JC4j j jjj ^]4^Ju ^J^JbjL^b ^4 j 4j j^L> 4 j4J^ jj4.^ , : J^^bjjj ^ 

6 JU 4 j ^ 4 J Cw^IJj 4 j Ijl^ 4 j 4 ^ 4 j^ 4 Jul^^Ju j 4 j ♦jlj-. 



4J^4j 4 4Sj4j « 4^i43 ^UttljU 



L® 




I 




































^jqJqJjo^ JLou glSLi ^^jio^Lolj 



« j45* «L> _j j bjb$ j4^* »b^ ^jJL?^ * * 

uLij Ijuaj d-Jir jl^jjJU 

J ■ ■ ■ ■ (j * cl^ 1 l^*4,»^ l_>6j^L wj $mU 4,«> ^Uwl ^ i £ jL j»4^jl^J j ^«L>4.) J I ^ L> ^j^JL) J 

♦jj^6 j<01*j 

ON...Br...Br...NO 



^J\> 




2BrNO ( 


(g) 


Br 2(g) + 2NO (g) 



♦ Ol^ftiiLj jLuljl> j2><Uo4j j Ol^&i iLj ^Jijj <^JJ> ^6j4j^$jj4j4j 

J 4j IJ <CLyJ Ij IjU jl^-J dJ ,^&JJ 4j dJb u U jdJ jl^J ^jljLj* A// 

. l/ijjij'U&dj ^gji <CLmu^J ^6jj ^JLo4^ j Ii4j|j4j^lj 

jjl^S^U jijj j jOj ^ OL# ^jb^r?- : E a 

tjlj&yi*' j!*jj J jlfijjji^^j^ ijijj ( jM ^ jb 4 Jib^* : E'a 


l^ir qj^<xTI ^Xu 


^djuMl^U HI 



i 5 ^ho^f dj 9 ^bcj^T dj ^dJuuol^li L^| 

^bo^.r ^djuuj|^L» ^ l^J 


:dj djd-ub ^^.JU dJ Ql^oAidj 


q ITil^d&^dj l^dj B 

0 iro^^>4 j^ 


qLjljcj^ ini 

o^dSja ^i'L^odJb^d) 99^ j£x\j\S L^l 


^Lfo^df ^jlTo^dJ* <jl^jj ^yo'^dyi JXu ^)dfdj 


^dSj cLSjJ^lj' ^o^diL o^l^ o^djo^dTo^ H 

qjoJ ^djuwl^U dj [AJ 


QiO^ l^bcj^T li ^djuul^lj dJ ^>1^ 1^1 

0 ATo^ ^4 j;LT S 


yS)$}\Z dJ 



O^djjU *__) ^ I 


H 


iltjijjj ^oiiUb 


m 


. viCii>fN\ wL&Aidj 


jJJja Ajdj 


m 



4 4Sj4J 4 iZlij ^Ijb 


l3 




I 



2 




































ujoldijoi JLou gLSli ^J^j^o^Loli 


ij\S jj >"vm»^ju> Qj^juod.r dj 

m ID m 

j .E^ j A// j j 4jLmmJ , &j&jI J> ^4j 5-b 6jj ^J6j4j Sj&JJJ ^S*?** (^J*"** j 


*tjtjjju E a j E a j AH . A | _ j A// , v l^-u ii a 

jl^VU j^Iu 



<ul^4. ttxilj 


J *'> -- 


^LmJj A^ujdS6i <Lmmo4J6 ^L*iL> 5j 4^6 jLo4j* A^jjdSbS 4*£m*o 4Jb jl^&jj^L* iL> 

*4^6jLo<H> 




Ajl ^h'i»<Ij 


<uiy> y>j 


j 15* ij j jli* ^ijj — j li' ij jj l^~o 4-fcj 4 j ^ijj - A// 


AH . = 50-^-0-^-=+50-^ 

mol mol mol 


j\£ ijjjl^o<LfcjJu ^ijj jli'ijj ijli* ^ijj - AH ^ 


AH = 0 —-50—= -50 — 

moZ moZ moZ 


JljiJU = E a 


E a = 80 


fey 


0—= 80- kJ 


mol mol mol 

j(i'tj_p'l.4^Aj!> J <o jtjj — jijjlfls j»jj = E' a 

E' = 80 — - 50— = 30 — 


mol 


mol 


mol 



42^4^ t 4£j4J « 4&J; ^UttljU 



2 



































^jqJqJjo^ JLou glili ^jaj^oaLoLi 


J * v U>wL^ i E a j E Q J A//^ A | j A//^ Sv ^ j ^L>Lj j Jjj ^mi | 


♦*j034? E' a jE a j A// 



«A>jlj<^'tidulj 




^ 100 


•*> 

o 


© 

E 



2 150- 



o j j ^ 

AH 


_____ 

jli*ijj $j£Ss.+.}j\S ^ijj— jli'^ijj = A// . 


AH . = -150 — -0— = -150 — 

moZ moZ mol 


j\£Jb jj — jlS'ijjJ^iLjjli' ^6jj - A// 

AH = 0-^- -(-150-^-) = +150-^- 

^r -4 mol \ molJ mol 


jttbjjijZZJjtf jbjj - jj$\S J6jj = fi’a 

E a = 100 —-0—= 100 — 

moZ moZ mol 


— jsjj - lT a 

E’ = 100— - (-150 —) = 250 — 

moZ V molJ mol 




4^4* 4 4Sj4J 4 4&J; <^uuljL) 


l3 




I 



2 

































ujoldijoi JLou gLSli ^J^j^o^Loli 


j E a = 125-^- iSij jjjd ^Lkju 

u mol ~ v 


1 j^-* 0 l$Oj ^ OJ ^ 

♦ 6j6jjJU A//^, l jA// v 4^*0 


ij 4^ (jlftju UwLJ .E/, = 86—!— 

. ♦ .. a mol 



^ulyJLJj d. »lj <i ->■ 

jl^ijj15" ^ijj— jl5* jj^jl ^ *4 ft j4j ^ijj = A H 


AH . = 39-^--0-^7 = 39-^ 

*“* mol mol mol 



j\£Jb>jj ~ jtfbjjiJ&JjU Jtjj - A//__ l 

AH = 0-^- - (39-^-) = -39-^- 

mol \ molJ mol 

♦ ^^ijj <*J i^jijj jjjL^jo4^j4j ^ijj ij-o dJLfjtf 


dJLToA E'a ( E a 

— +40 KJ ) djuu&u ( AH — 30 KJ ) i ^sjsjjjis 4 j J 

-70 KJ® 

+70 KJ ® -10KJH +10 KJ® 

o^ajm ^50^^ ^j^iuuoL) 0 j E a — +250 KJfmol ^ (AH — — 150 KJ ) 1 a£jlSjJ^lt aj J 


: <aj\So± 9I(5°999 

+400 KJ ® 

+250 KJ® +150 KjH +100 KJ |a| 

dilodJ jolT ,1^)0^ ^SdJ^lfdJ B 

m 

0 

II 

Fi=£ a IS E' a >E a Mi E' a <E a IS 

? djucul j }x> ^40^>dX ^^SjJ^ 15 * dj 0^0^ 1 ^ ^^iLo^J jots' 


99^>T^50^99 > *50999 > *50999 ® 


jo<sj^>«ao *50999 > *50999 > 99^>S*^LS* *50999 O 


*50999 > 99^9^9^ *50999 > (®^9^? *50999 ® 


*9^>£f Jl*. *50999 ^ ^50999 > 99 ^>^9^ ^ 5°999 ^ 

: «—^>>*90^ vS^l^ 9-? 0^&99 «\>££jJ^ yLj^^r 9J <JlkMJu|^jLi i 5°999 | 


vS°^)^ c 1=1 
99jlv><Xib j&j tS°j99 H 


ju i£oj}2 ® 
99^>^jtr lS°J99 m 



4 4£j4J 4 4&J; ^UttljU 



<o^ 



2 


































0 jaJqJjo.s JLou glSLi t> i.»j5o.»Lolj 


: <ulTo^ Ea l9<su ( E'a — +250KJ/mol ) ( . ; .i. AH — — 150KJ/mol ) 'ZSjSlijtf <sJ 

-400 KJ/mol U 400 KJ/mol HI -100 KJ/mol U 100 KJ/mo HI 
idjLTo^ Ed (Ed — 86KJ) djLfcMib (AH = ~39 KJ) %zSjJj\s dj 

125KJ © -125KJ H] -47KJ H 47KJ HI 

«—o^J’c)0^ I^LT ^y.j'^dj"l ASjki c^j < vmi^J QJ^JUod.S’ dj 

^Ljo.ib 1^1 * vmjdj^)d.juj l^l IB1 ^50^ HI 

-20 Aiisj oiroj^^ir &oj ? E' a = 50 kj/mol o ? E a = 80 kj/mol ^u-ij iasIs^/t <u 

.oiTo^ ojijiio i^dj kj/mol 

+ 10 kJ/mol © +50 kJ/mol HI -10 kJ/mol HI -50 kJ/mol HI 






l3 




I 



2 
























ujoldijoi JLou gLSli ^J^j^o^Loli 


159 2 ( 1-6 > 


1"6 


OA-iLjAjj <CjI jl —>JJj lg jj^A :6 j6jA^j ^jJJj A_aA_j .5 

1j j^Ljj fjetjj aJ <je>jj 

Ja^aJ AjAjlj^ ^A^LaAJ f\£ :^.jLijlj j.a^4jjj5LuJj .6 

c£ a JJ c*lhL>^ 

^jjj c£*jj oW ‘f 4 ^ ^jjSSVLa. 

,dj<Al^_t oa^a-6 26j j-j jLuL> 


Idj&jA^j ^A^A_>jA_A aJ CmuAjAa *1 

^3jJLj <ja££VL*. (^6jj <«illJjl£ 

^Ljj djJjl£ ^»bjjj ^L*^lj3 a£ jaJ .2 

SljJJjA^ ^JljjA£I jfLij aJ ^A^aJ 

Jjjj LS*jj u i£*jj uL£* *3 

.ftjdjA^j 

^AJLjjU j jlj£^VLa. ^ Shi^* *4 

. (IjAl^jU A_j! jj ») l_u_J j j » 



.olij i JJJ 4 *j 1.-O.JT 4jljj^* 4^* 4 j4^*JjI^ j4j ^4jIjISw4£ j4j J^J ♦ i£JLaJjUT 

.jl^5\i**3L> (Jjjlfb j IS" i J J i^5s-JjlS” iiiLo Jj C**Jj*J> (Jijj ^ JLo ^ 4 J 4-Jujj t j4kK£** 31> ^6jj 

6Ju4j ^ ^*l^4i Cw>5,iljU4j Ijl^ j *£ I &£ djbjij\*jij£ 4Jul^&u j4j ♦ jIj^^*3Ln 

♦ (j»4J*j4j) y tfj2 (jj^/j^)j^ 

^<CLyj|jb j ulJ J^jbj jb^ 0 ^^ ^j4^|jk&J ^jI*L£i4j ^4jIjJ> j4j j4^4j Oli&ijjj .2 

. CJjj j LJLjJ j 4S* I J^^.o 

♦ 4j4jIj4^fa U j 4jlj4JLyJj ^6 jj jl^jljL> »3 

^Jjj ^Ub4j jJjJjj4j ijjJU j4j ijJujj> 4j 5j4*J ^ (jJL j dj* 4j j (iJLu ^^4^)4 j jl^dJj4j l^jl4.J ,4 

4 J ^5j4j ♦CmJ^IJU 4™> Ij^OJjli' jjUj ^1^*5jl5 »a4& 4 J cljj4.^ 4 J4^ Jubjj> j4j 4j|.OliSi jL^yU bjj 

.ol-b jLi^j ijj ^JLo4^* liJjlji Jj15w4.^ 

♦ ^4JLyJjL> ^ 4_J IXo ^-oijj^ < ^>j4-*o JjL i 4 ^JjJn »5 
^ijj 4 J jjljJii 4^I jSS**-)' iJjJjjj ^ 4j ijLoj 4^j^> ,j»4^ 45^*31^ ^ijj ^^jjLjj *S 

‘JJ 



AJ^AJ 4 ASjAJ 4 A^o43 {^UtfljU 



<o^ 



2 




























O jqjqijjo.s JLou glSli t> i.»j5o.»Lolj 




IojOjoJj ojojlj?- ^AjL *>jj ?4 j cbjlj&jlo *1 • 

lojo jOJj jb^ ji J <ULjbA> OjOjlL^A jOjJ < - £OjaS'Jjjj AJJj jAj .1 



D -W 

C (£) 

D w 

c -(C> 



ObiwJ^IOb^h* cbfl^Ojl^P"* (_£AJL*aI .1 - 

B -(V) A . (t) 

?o!:s: obiJj ObojjA^SvSslIjlS" c£ojj Ob^lS" -V - 

B -(V) A . (I) 

?Obo.3 (l)b£*j (AjIjAIaxIj) ALjJLJj (^jA^S^^- L^Gjj yi COjOjI^>- ^AjLaaJ ^b" - 

.b B AJojj <JjJ -CaSojj ^ . (I) 

.b A a) ojj y. -D aJ ojj : j •(*—^) 

• b B a] ojj eSy. -D aJ ojj .(£-) 

. b C aJ oJj -D aJ ojj .(j) 

?obo3 Obi-j (ALjJjIj) AjIjA^cJj (^jA^S "Vbr L^°jj c£^>* (^AjbAl ^15* .£ - 

.b B aJ ojj (Sy. -C aJ ojj ^^ . (f) 

. b A aJ ojj ^^ -D a! ojj . (<—^) 

.b B aJ ojj ^-D a) ojj (^y. .(^) 

.b C aJ ojj y. -D aJ ojj ^ y. .(j) 

?<«^bo^ Obi-J ^Ajl^AJLvlj^ AU. J lJj (*£J*- C^^baA] ^b* .A - 

• ^ B aJojj (Sj -C aJojj ^ .(1) 

.b C aI ojj <_£y. -B aJ ojj y. •(v > ) 

. b B a! ojj -D aJ ojj (5^. .(^) 

. b A aJ ojj ji' -B aJ ojj *( J ) 



4 4Sj4J 4 4 £u£ ojittljb 


E 


E 


<o> 



2 































i^jqJqJjo-* JLoaa glSLi ^i^j^o^Loll 


85 kJ/mol 


4j AjL^SAj (AjljAi*»lj) AJLJlJj j\j c£°jj C B + A —> X ^^iJjlSXoJlA ^jAj .2 


. 80 kJ/mol Aj AjLu3*Aj (Aj! jAj^^Jj) 4^J*\j (_£AI*a>IjIj ^A 
?JJjL^-MA jAj l)L> j15* (AjI JJj jlj jJjJj jL*lf .(- " v --—— 


A//^ = E a - E' a = 85 - 80 = +5 kJ/mol 

? 0 -UA 3 r (^Al^lIjU <0 dJLIJjlS ^*jA 5 (^LaAj .O- 


A// j Aj!jA^tL (_£ A// ^jISXaaj <jl 

AjLufaU ^AJIjAvfciU 4J 4 jLm£4J 


IOjOjOJj djfijl(_£AjljAj COJOj!(^AjIjAj ^*jOJ CAjOjI^>- (_£Aj ojj (^AJjj ^Aj ^yLlfcjlS^AjAj 3 


o 

E 




Aff ... =- 


10 kJ/mol t E a — +50 kJ/mol iaSojoja^Jjjj ajJj ^5"^IjaJ ajJjjIS* aj ojojl^>- ^aJIjIj^ ^aj .t 

• 4 ^ J . j'c?j^U j E' a i jE a <■ j A Hj Ol5'o_j_jjLp4j>j4_, _^>2xiJjlS - 


A//^. = E a — E’ a 


E’ a =E a - AH^ = 50 - (-10) = +60 kJ/mol 

?0JjAj* E' a (_£lAAj .O - 


IAjA-aAj IaS" (_£JjAj aJ (_£^l(_£jLjj .4 

0 3 (g) - 0 2 (s) +Q(g) 

0 3 (g) +0tg) 2Q 2 (g) 


20 


3(0) 


30 


2 ( 0 ) 


VaSvj ^jlo jJuL aS^a^JuISjLa ^JISa-jJjjIj aiIjU ^*LJj .( 

4J6^U4jI£U (O) 


20 3 (a) > 30 2 ( ff ) 


^A~^r ^>LiwJ (^A^K^J^jLS^ ^Aj {S{ L ~ 1 *-** Af/ jA^Aj 

•c 


5ft 


AJ^AJ 4 ASjAJ 4 ASaJ} 



L® 


1 


A 

<o^ 


I 



2 















































O jqja^jo.» JLou glSli t> i.»j5o.»Lolj 


^0434 ^<Ui<Ui u 

^u-s ^jjSidjB rfljiAl 


IJBIS’ ^ 7 -1.1, i J. > “*J 4~<jJ ♦ R 


/? = 


A [w^] 




j (jJLJjl^ ^1 4 j ^ 4 jL <lu iJ i L-.jT 


jllj. > j4^j ljl$JJb j4j 


:jujS£ jaSm dlifjli" jljL> ^1jli'ftiiLo jli* *3 

ol^ 6 i (iJLJjl^ N2 j^>jjuU <*J j^»l*o jjj ol^&a (jJbJjl^ C 1 2 ^ jjj H2 ^u>jjJj 

JijL jL><u*<J 

^ jJ 4.J ^j^il4j j^4»> c«o^ 1^jij 



j4^4j j»^<U C«*3j-yrf6i lillj4Jb<lJ ^^1jl£4j b *J*i Ji Ol^&aaLj ijij*> \ j4j j4jjjj »jj^iLj4j *J^>JJJ *b 

jJ ♦ jAj 4*3j 4^ii 6 jj4^ ^^jj^jjjj jijjj 4 j «Ow jj* uuij jjLj 4 jUj-«j ^1^1^ lj4J 

^ - 4j6^L£>4j Ij4j Cujl^J jSLj *£ ijjJ^ 6 ^j4j 

♦ 4^JjjLj ^<Jb ^idb .C 

jl ^dSjlAj (^6jj (1 

Oli'^iLj ^Jj4^|J^4 j4j ^6jLoj (2 

(jl^ljl^) <Ujj4^IJ^4j4j ^&jL©j (3 


(^&JJ <*J jJ*Lj jL*^4j Ol^JiLj ^jj4^|^4j<U |^&JJ 

♦ 4^J j> Oli'j»4^* (jJLJjl^ ^fI j4j ^<Jb j4jjj^-oJJ 4j 

Ol^6Jb@4S" ^Jj 4^jj> (1 

Oli’&Jbo*^ jPj4^!JL^4j^U ^6jLoj (2 

o^jlo^ (jtfIi,tf) jijLO (3 



^^4j4Ij j4^ ^ jJJ y b J b JJJJ 0^J^"i < ^ yJ ^ 


♦ jji 4£Jftd lj4^ (jH^ jl^ 


il 


4J^4J 4 4Sj4J 4 4tb; ^umIjU 


l3 




I 



2 


























^jqJaljo^ JLocd glSLi ^i^j^o^Loll 


GoiljloLijJ jj\ 4j ijXjj ♦ |^lI j4j Co^JiLj &Jj4>j4Jb I^Go4> d 

^6JU6j4j ^yj -O>ow*£jj ^\£ iij&i ^G«j 4> , Ij4Jfc jj xJ cJjj jjjl> ^jX«Jy*£jj 4J ( jGm6 a) 

♦ lilj4J64.J 4.J XX+J Xm*J > JJ b$jd£ ^jXm 


<J j/Sdj , j j4jjjj &J 6jI>«j4j G^4j (jlS* j 


1 


♦ j£j\S 4j 6jIJGj4j L^j4o4j ^1 ljl> l-fc^<U jj^> 


:x£jj> (illJjl^ ^jij*> j6jjlft ijtJui* *6 

O^JL.^jl J S^«U v ^lS (1 

olTftjuo^ ^jj (2 

Oli^iiLj 6ij<^ ^jLsj (3 


♦jljjlfc j&JjL& ^Jj\Sxj .Co^Jjl^ ^6j4o ^ CojJ^64 ^jl***^ ^1 ljl> 4^4 j^^Lo ljbJj\j* 


^fcjLoj IjAj u j ^4$* 6«XJ4>j4^ 4^J^> i^&jj Jd$*4j C*Jjj£6$ Aj\j A jxuj 


♦ Oli'ftiiLj jli'dS^U 6 jjjj 4 ^Ij^ 4 j 4 j 6 ij 4 ^ 

?(jd£dJbjL ^ljl$*) 


♦jljLoL^G ^>Jid jLo4Jb4j jl^dj^jl^jo4Jbj4j j SiiLo 4_f 4^ 4j&j&JUUb j4j «^i^b ^j&JtiUft O 

• j&JjlT tddLo 3 ^ 4 j 6jljL> 4 ^ 4 j^jgU j 4 j :J<u jj^>U jj&jgI* C 

4^ J 4j ^Ijjli* ^JJJ j4-yj4j iJ 4J ij j i^5s5>jJj 15* j-ojjj 4 j 4j jjj^U ^ji Jjl^> jl^ljjli* ^4 jjjj 


jl^ ( m $** * 1 4 Goii 



H 


.«JL>UToJ> ^jJ^LT ^ilTo^Lu^ ^ vi-OJ^ir dj ^djb djobuo.jJ' i^SjJU | 

clSIjJI^LT ^50 IMJ ^ImjJ* £1 »^<3lT t 3 <Xl> UJ ^o t ^ kLmT Ei 

? ^jJ^ir ^4 aai <XjLTo^ir ^di Lo4j jolS” | 

n o^lo m ^<XT ^5<3Jj B^>r,^LT ^O^Lo DO 

<3J Ql5‘<X^bu0.jjT dijJ^LT djlTo^ir ^J^JLJUUlT ^TdjO^JLAAldj ^o Aj Ub | 
oITo^^jJ^IT < 3 J ^El »4i* <Xj |o4jjuuuiM i 3 <XJLj L^J 

H j±Q*S ^r<Xjo<X j m 




4J^4j 4 4Sj4j 4 45u43 cr^b^ 



L® 


1 


A 

(fzy 


I 







































0 jaJqJjo.s JLou glSLi t> oj5o.»Lolj 


1 ^JUO^J OITO^^JJ^IT ^y>^df ^dJj jdS&J | 
iZ-fcJL>©^ ^JU&lyjJb dTdXjJ^LT 111 »"vUOJ ^JI^JL^ di'd^JjlT 1^1 

^)d&^)b,i ^1i^lXjdJb n csii^Lr m 

djuuo.^ ^lf dju>buoj.r diuJ^LT <^> ^©Aibb iy«^>£jJ 

HI wsijj^tr yyij&s HI <5©^^ IMI^iro^ \S °)55 HI 

* dj‘b*©^ir d&^ ^jj^ir <xjiTo^Lr ^di* H 

.iSjJ/T ,^ 0 , 4 ^ l§| ? l>crvb. (50333 03 

AJJ3AXI JJjui (303U3 L 2 J 33^3^3^ (_yj LTAjjui303 LCJ 

cLSoJ^ir ^djuj diLTo^ir o^o^l^ik ^dilodJ joU I 

^b^od& HI oJ>J>Lo <599^ HI ^df ^dJb HI <yui«2>AA> HI 

l5dib<^& ^dJ ,oLr l^lc)d& dj ^ib^JUJ dj QJkJCJUULT^J ^5^LT dJ liJ*djdjuo^juj ^b dj ^Jd^ ^yUc^MJ B 

lo^di'l^o^ 1 -LSTjJ dx>dj cL&J^IT ^djUU didJo^b" 

: jdjyyj HI yj/sj&S ^dJj tel ^y^juodik 111 ^SXJ^LT ^yuuj^AM m 

IdjLodJ **£jS 4 j d) l^jLTo^ |OdT 

jL^dib HI ^odilft HI lyojdT (5db 111 ^ywodii 1^1 

IqjlIo^ UJjJ^ir ^y'LfdJ 2 I AjLT ^TdjdTdj dj ^Lf©^^ J&jJjlf ^yidwd^ ^yl^c^dj 

clSTaJ 1 ^) 15 " ^5! i£jSjj± HI i*CjlJ 1 ^ 15 " ^5!HI *d£jJ 1 ^ 15 " ^dJb 11 1 cl£jJ^IS* ^J^Laj^ L^J 

* dJuu©,} QLTdjjLjuoj. 5 ’ dSjJ^ir y> ^©JJUb 

^Uscj^b HI \zSj}j\s yjGj<$s HI ^5 ©jy H 0 ir©^dr v5©>^ dJ V ^y> HI 

.Cwm»j4j 93 «L> dj 3 15*; j j -j LS” ^L k tj rf » > J (ii*Jjl£' 45" dj Aj jdj ♦ ^1^LriL 

4^* j If sjj j If yjt&J jjd^dj cjjjS'si I j Ij c L ^ » t j LS* ^ 1 ^^ | 

^bJjj$Aj c L^ljLS' AjlS'dd cLjll_3j ;jI jj Aj 


A + 2B 


-►C 


i? OC [y4 ] n . [ B ] m 
7? = A:[yl] n .[B] m 


2H 2 0 2 - 

R = K [ tf 2 0 2 ] 

N0 2(g) + CO (g) 


^ 2HoO + Oo 


n 


dJjir jiji> ; R 


NVJ 2(g ) f ^VJ (g) - 

/? = K [ N0 2 ] n . [ CO ] 


no (! 


>(g) + co 2(g) 

1771 



4 4 &£ ^Ilttljb 


l3 


<o^ 


I 





































^jqJaljo^ JLocd glSLi ^i^j^o^Loll 


♦ ( n J m ) ^<Jb 4 jIj dLJjli* ijl ^LjL> ^&j4JJjji 4 ) Cm4j<Ui 

4 J bi ^bo ^£6jboj ^ ^£»b6 ^4j ^*- fr , bjAJjjj$b$ ^j->i^5Lib ^j- L^4j ( fl j ITl ) 

♦ 4jU 

•uL (3,2,1, ( n j m ) 

^LmS ^4«1j — 71 + 771 ^LmS ^4.Ij ^Lf&i ^L> ^id <dbo ^4lj 

*bjd^Jj£b £jj4j J^> ^JJ ^J b" ^ »h»yrf4^ 4^* ^4 j Ij4»f 4»JL >^ ♦ 4»1j 

jlI^^JjLo J^IS* ^14^ bj£**J> jAj ♦ K ^1 

. jb jjj ,db 


K \£jj> \J>\J+> j4-*dJ J^LJL^u Jb 



♦ &jl jLj> jj *i. Ji *J^ ^ &+*+£ jU& 4 J 

K ^dL ^j^iljj4j) (^4JL 4 j^jjL& 4j|j4JbJj j»^4j jl^MiLo ^^^4^ ^IjJ^ 4j Cbjj^U 

(oli'ftiiLj 

.Cw)^ 6jj4^ j&JuL& ^Lil^jb4j4j 
♦ bi-Jjb ^<U.j j4**>4) 6jU4j ^4^*4^4 j j bjA*Jjjj£b£ (jJLJjl^ ^1 ^LwjL 4.) 

: ^*L K && 

m i-W<l s -i . M i-±j^±m in -i 



bLJjb* ^dJL 

M 1_ 1 5 _1 = 5 _1 

J4j 4lj 

M _ 1 5 _1 

jji dL 

M~ 2 S- 1 


M 1 S ~ 1 

jAm 4ij 






© 


uLkj^^fo^ ^Mjd^ dj B jjj 

yjGj&S ^dJb dj [HI 


t-Juuuuadjo^ o^d^ju dj Lodj v^jJ^ir ^Lub 

i 5^4 9 «d5jJl^lf ^Jj I^)jl^ 1^1 

^y.AA)d^ ^ ^djj I ®1 

1^1 j&^b'j ^SjlI^IT ^1 ^bcub dj A ^bbdj 
lA5b^b ^^dJb dJ o^djuLjjuoo^ ^ jjSjji dj m 
olf ^yu^duuu’ dj ICJ 



4 d^ 4 j 4 4 Sj 4 j 4 4 ^i 43 ^UttljU 



L® 


<o^ 


I 































^jqJqJjo^ JLou glili ^^jio^Lolj 


• J Cl rt Jjl£* ^Lm>U J jj^ 

(^ftjljjfj = (^1 \^S ^jAjJJ a.>) 


(^uli 4^6 jLoj) Ij4j Cmj jjjj^Lj 4j 4^ 4jJC*J& Jb 4j* j 4^ 4j .A 
1 


(- 


^luli #jL«j 


) I jdu Coj Jjj^QdS 4j d£ 4J»jjj JCC&Jb4 j* j4^*4^ . B 


<j)d*j dj\Si$ (a ^M»4^Lb4j j 4^JiiLo ^4,Ju Ij4j (CCj^XC>) Cojj£*4J ^1,jji^Co4> j4^4 j 


♦ Coj4i*Uj&,> dlfjli' ^ljl> ^L-jL 4i 4^d^^Lo d.jJj 


N0 2 ( g ) + CO (g) 


NO (g) + C °2(g) 


dSslSj [£ j» 4 j 

55#jjap. jj£ j •jSSJjlS’ mL. j*L Lb 7? = K [ N0 2 ] 2 



2 = 0 + 2 = jlsS j *.L . 2 = N 0 2 ^*L 0 = CO^*L 


2H 2 0 2 


2HoO + Oo 


dSs*Jj\Jt j»4j> J 


/? = K [H 2 0 2 ] 2 55^aiI J lS' a L^^*Lj tfSwJ&Jjtf 6^1-o^Lb 


6 jji 4 ij - H2O2 ~ 


^o [2T] 4J Cojj^&i &JU6 j4j Jj4jn ^1LU R — K [^] ^ ^ 4*Cj^ 4^lijl^ ^1 J+> ^Lob JJ 

♦Co j&j iJubjd .5 


([2f] ( _ # J<bJj+>) 

27 = 3 (3) = 

R = K [X] 3 = K [3] 3 = 27 jL_> 

^ »ju»jAj 25 etJjli 1 ^1lji» &£ I2NO + Cl 2 -► 2NOC1 4L> ^ j* 4 ^ | 

sjijjju 4jLo 4.5 ♦ Cl2 Co ^5bw0 4jT tJutjdj Co NO <( ^Co4> (jJLol^ Ol^&i 

^1^LoL ® 

♦ Co j^JdaXj6j4Jjf N 0 ^Co4> J iJjijdj jC CI 2 ^Co4i> j4^ 4 j C^jj£ Si A^4,> CbJjl^ ^1 ® 



4^4* 4 4Sj4J 4 4&J; ^Cljb 


l 3 


<0^ 


I 

































ujoldijoi JLou gLSli ^J^j^o^Loli 


R = K[N0]".[C1 2 ] 


m 


([NO] JJ^>) 


Q - G)"»S) - ©' 


» n = 2 


1 = C1 2 n uIjjS 


2+ m = 3 


2 = NO jaL, 


n + m = ^aJu 


R = K[ NO ] 2 . [ Cl 2 ] 



♦ 6J Ut j 4 j Cw 4 Jfc ^ 14 j|j 4 ^ R — K[ 4 ]^.|~J — 8 

aj , 1.0 M/S 6j 0.2 M A dj'iTo^ A ^U'o^dxu ^yumd^ ^ dj | 

c^jj^ir i5dju ^ wlSjJ^lt ^1 ^LamL ji jS ^5^1^ . 4.0 M/S wLSijj^ir i^< 3 o A ^yjuod^ jjo^< 3 j 

. 090^)9 Aj 

i? = K [A] 2 ^03 

■ Ckl^LT NO2 oJ ^i'lTdJ NO2 + CO NO + CO2 ^ 

^LjmL ( 1 dSb dJLodj . dAj^^fb cAjJ^LT ^I^jo. CO ^yuMd^ ^j^^ToAio^djc)^ ^'L^dJ joJdj , oAio^dj ^l<^ dJuao^ 

aSjJ^LT < 5 ^lu^ ( 2 aSjJ^LT < 3 ! 

i? = K [ N0 2 ] 2 :,.&», 

dj ^>CjJ )\S ^dij ^>T oAJo^dj ^l<^ aSjJ^LT ^1 oAio^di ^9^ dj ^dj^^JuJ^lT jJ^uuodA ^df dj 

djuoo^ ^jjl^> jA ^Lub 

oi > 1 ] „^H 

dj'irii^lf O 2 (juirti oAio^dj ^ yitf dj IjJuu j dJb> 2NO "I” O 2 —► 2N02 dJjJ^lT |Odj J 

i djuuoj^ wAdj^ir ^1 ^>jA ^Uub cAjJ^ia 1 jdjM 

R = k[no] 2 [o 2 ] 1 M r = k[no] 2 \EI 

R = K[0 2 ] 2 II R = KiNOViO^ 1 © 

33di / >.SdJ_>l 5 ' l3<So 0JJO34J 33^ dj 33J ^ywdi o Aj cs^dj 33A dj ^)dfdj J 

-I JdfdJ i2jj> <)dAo A v^AjJ^IA I^>jA ^bub dJ 

2 ^ 4 * 33 * 31 * H 1 ^ 13 . © 4 ^133 HI 2 HI 

dj cAjJ^IA ^j; I^>jA 0 lAo^A>SdJ>lA ^yuuodA ^jS oAio^dj ^_yuudj ( 0.01 M . S ) dj'lAoA wAAjJ^IA jj 

«jl>IAoA Ab^) dAJj^A jolT 

3i 6 HI 9 U 27 HI 



4 4£j4J 4 Aijj ^uttljU 



91 


L® 


<o^ 


I 




























^jqJqJjo^ JLou glSLi ^^jio^Lolj 


♦ J lj i J » 4 lii jl ^1lj ► ^LwjU 6j b — ■ ». ij« I j\^Zs ( ,:;J 

^ fciibo 6j 4,.) Sj 4,.) ^ b JJ^ ^0^ U J ^ b^ 6 •} ^ LyO 4^ i^>^b 4«& 5 J 4^ U J J ^ 

»uLj bi^ j^bt* (ill>j4^0 4j 
♦ 6jUj6i 4^fcjljJ^ fc^ibo <-bJjb* |^1 ^LmjL 

.ijijjJj J4JL jU>b (Cuj^j ^po4™> Ii 6jj4^* dj’wbub) \£jt^ 4j aS>*j 5j 4, jij^b^b jji ^1 

j jJL*.' a £iiibo ^4,1J Ij4j ( U» J ) £*Jjj)£aj ^j\ ^.*Lyj4^ ^jJIjn^* bij4Jij^b^b jji j4^* ^4 

*Cuj4^Uj^ dLJjl^ I ^L-jL 4 J 4^fiiibo 4 jJj (J4j 4jl^^ 


♦ I A>jijjL> k jbo4nft4,J II j£ ^>4^Jj> ^j_> &£>*>*$ L) ^6j4j i»j^«3b ^yj 6j6jl^4^yJjl^* ^»4 j ( ^-> b*5j4.^ ^1l^y> Ijy_> jj J 


2HI 


(g) 


"*~ H 2 (g) + *2 (g) 


*OJJi 6 jJ-f j»4j 4 j6j4j, 5ij^ytjL) j4j 



(M/s) 4 # 

[HI] (M) 


1.1 x 10 -3 

0.015 

1 

4.4 x 10 " 3 

0.030 

2 

9.9 x 10 -3 

0.045 

3 


♦ t ijijj JU 4j bo 4j 

<ibJjb < ^1^1> ^bob «1 

^(^4^4^ J ^1l^l> J^4 j >2 


.ijdjujjju n l jj ^L&<u 4 ,^mjj^j R — K [ HI ] n 

i»fijji ^6j4jijSbJb' J j»4^4 j ^6j4Ji^5bJb* 4jj, ■ , ,f Jj 5ijSj Sj4jij5^^3b‘ jji 


R1 


R = K [HI]f »» [HI]f = y |»4^4j ^6j4J ij^»3b 4j 


R2 


R = K[HI] »» [HI] 2 — ~ »6jji ^6j4Ji^5b3b 4 J 

K ' 


[HI]” = Ri 
[HI]” R 2 


[hi]z _ R 2 

[HI]? ^1 

0.030 n 4.4 xlO -3 


Mj4j ^4 ^*&j ja. n- a j j» jjj ^ j j^^a4al^4j 


0.015 1 . 1 x 10 


-3 


—> 


0.030 

0.015 


= 4 -4 2=4 



4 ^^> 4 ^ 4 4Sj4J 4 4 tb; ^Ijb 


l! 




I 
































ujoldijoi JLou gLSli ^J^j^o^Loli 


2 n = 2 2 :.n = 2 


R = K [ HI ] : 


♦bbJjb* *Jb bLJjb* 4jij4^ 


j»4j 4 j 4jjX ♦ Cu^^Jj&j cJ^US j4j$ £jj> ^jjj6jIj4j CwJlK ^Ub4j ^5 jj ♦ B 


R = K [ HI ] 2 » ft = 


R 


[HI ] 2 


» ft = 


Q M 

9.9X10 -3 — 
_s_ 

(0.045 M) 2 


= 4.9 M -1 5 


-l c-1 


• ^l^adjbdj | ^ -i- > A. C . 3 l^' J jJ ' j'J ^ jk^ J 


A + B 


(M/s) 

[B] (M) 

UKM) 


8.0 x 10" 8 

2.4 

1.2 

1 

4.0 x 10 -8 

1.2 

1.2 

2 

7.2 x 10 -7 

2.4 

3.6 

3 



♦ 6 ijSjj JU 4j Lo 

dll)j(i* ^1 ^LjL *A 
J jl^l> ^U4 j .B 


R = K[A] m .[B] n 


•*■£& W] 

■ i J~? [-^] jftjljJ^ [fi] <&j> (B ^J*L ) n ^Ub<u j j*<b<iU ^&j<Gj^Jb 

J j» <b 4n> ^£dj4j ^j^»3b 


ft a[A] m 


= ft 

[A]f 

ft 3 

= ft 

[A]f 

ft 3 

ft 

[AW 


~ ft 

[AW 


7.2 X 10“ 7 3.6 


m 


» 


8.0 x 10- 8 1.2 


771 


» 9 = 3 m » 3 2 = 3 m ••• m = 2 

2 = A ^<Jb 4jlj<b 

j j*4^<u ^&j<ua^-Jb 



4J^4J 4 ASjdj 4 4&£) ^uuljU 



91 


L® 


1 


A 

<0> 


I 












































0 jqJqJjo.s JLou glSli ^i^j5o^lolj 


R a [B] n 

Ri=K [B]J 

R 2 =K [B]J 

«i K [B]f 
R 2 K [B]" 


8.0 x 10" 8 2.4 n 

» —-—r = — » 2 = 2" » 2 1 =2" n = 1 


4.0 x 10“ 8 1.2" 


1 = B J4JL 4jIj^ 

3 = 1 + 2 = n + m = dLJ j\£ 


R = K [A] 2 . [B] 




:K J6j 4JL#jji ^SL3b 


R = K [A] 2 . [B] » K = 


R 


8.0 x 10“ 8 ^ 


[A] 2 . [B] [1.2M] 2 . [2.4M] 


= 2.3 x 10“ 8 M~ 2 .S~ x 


1.0 M/S ^1 jL U' lS' 0.2M A ^L > 2A ^ C I^4. ^ ' J j IS* J 

.sjjjj ju ^4,Ju j ^1 *4.0 M/S ^1 Ij4j jj$ A j^S 4j 


(M/s) 

M] (M) 



a 

1.0 0.2 

4.0 0.4 

1 

2 




/? oc U] n 

Ri=K [A]? 

^2 _ K [A]? 
*i * [A]? 

R = K [A] 2 


» 


4.0 


£ 2 = K [A]” 
0.2 n 


1.0 0 . 1 n 


» 4 = 2 n » 2 2 = 2 n a n = 2 


2 = A jJb ajI 





l 3 




I 




































ujoldijoi JLou gLSli ^J^j^o^Loli 


\± dblujLbl 

) 1°^ o^o^Aj ^SjJj 

l S ^1 ^Lub A ~h B —> C 

M/S 

[B] 

[A] | 

ili 

0.012 

0.06 

0.08 

1 

0.006 

0.03 

0.08 

2 

0.003 

0.06 

0.04 

3 


\± 4 Sj.}j\S jodJ 


R = K[A][B] 2 © R = K [A] 2 © R = K[A] 2 [B] H R = /f[A][B] HI 

joLTdj cLSjJ^LT ^1 ^Lxob , yy.j<\Jb ^d^oLpcidj jO<Xj ^ + ^ ^ ^SdJ^ir LTo^j^ijLSlj' j&S&j 




O^JLAM 


RM/s 

[B]M 

[A]M 


8.0 x 10 -8 

2.4 

1.2 

1 

4.0 x 10 -8 

1.2 

1.2 

2 

7.2 x 10 -7 

2.4 

3.6 

3 


« = /f[i4] 2 [B] i na« = /^u] 1 ^] 2 sa = n /? = am 2 ® 

‘d.i'15'o^ o^o^djw ^SjJ^LT ^yjuuT ^dJb 

IS ^yu) IS qq2> IS liXdj IS 




( 43 *-sL> J k 


♦Oliftijjj ^4^4 j <LjL^ 4^* ^4j|jl^j4Jb j4i 4-Ji^ IbLJjw 

♦ j4-fc jl&4Jb 

♦Oli^a JjL J dLJjli* ^1ljl> 4^ 4&Jjli' ^jljj Jjl^44b j*4^4j 6j , (j^SyjLo ^1l^l> ^jl&4J&) I j2»ljl* *A 

*l^^jl&4Jb .B 

♦ CJ J 4^ Uj 5 t} ^ 4 m£u>S J 4 J J Cuj4$*iijii jlSj4Jb ciJb JU4J& 4 J 4^ 4j4j^^Lo j4j I (^jl j*j 

: jl j*j 

Aj IJ ^j 4j j 4 »m> I jr+J* l^J 4Jb ^*0 4Jbj 4j 4 J ♦ A 
♦ 4j ^ ^4j*I$jLb 4j Ajjj 6j4JJ6i . B 

:dLJjLT ^1 lji> J4.^» l^jj jji 

^j4Ji^5L3b* jUbj4j ^ 


4 4Sj4j 4 45u43 i4-bi I j L) 



L® 


1 


A 

<o^ 


I 


4> 














































0 jqJqJjo.s JLou glSli ^i^j5o^lolj 


E 


h 


► 21 




I + h 2 
h 2 i + I 


=^h 2 i 

2HI 


H 2 + I 2 


2HI 


J ? J A -2 J If ^ 1 ^^ ^J liL ^jlSw«Ub jdjdJ 


N 2 + 2H 2 



no 2 + F 2 
F + N0 2 



. di’sijLa ^Ju jil 1 J*jb <J ■ji’fciiLo ^»jL>j 


taOB'tj bjbjJu* ^J4jjS JJ AJjli” ^I^-> jUl; Ajljd^ 


R^, = K_, [I] 2 j R^ = [I 2 ] 


• «Uwk.ldj^jdjb *aj c L 2 jLS* ^1^^ ^LmjU J 


NH + NtF 


a. ]> *L dials’ R = K [H 2 ] 2 . [N 2 ] 


. d*J i^gj\£j4jb djlj XmJI^J b ^jl52 I Cw j^ lJJ j Lx, Ju J^~jjlS jjSju 


2A + B-»- C 


TftJUdj* cL J j 15* j liL v J jli' ^LtA .Oljjfti Bjl£jdJb cldjdj jtdj | 


*i h~ *L eUjtf R = K [A] 2 . [B] 


2 N 0 2 (g) + F 2(g) 


^ 2 NQ 2 F (g) 


N0 2 F + F 1 jicjL^aicuk 
N0 2 F 2 jigl^iinih 


b4j<U^jU j»4ot J 


f 4 ^ 


-► ^ u 2- 


5 <Lm« ^ji ^i> ^LwAj j <JL>^ ■* ■* ^ 


L_j) 


<0^ 


I 


4 4 Sj 4 J 4 &£ yjittljb 










































no 2 + f 2 


no 2 + no 2 
no 3 + CO - 


no 2 + no 2 
no 3 + CO ■ 


NO, + CO 


(jyjqJqJjo^ JLou gLSli ^J^j^o^Loli 


bjiS-jAJ* ij ^j*oAJbj4j <C> jj F iS Jj$jU JCujij A&J 4.^1 j^Jb ^jL w-*-& .* 4 j 


NO,F + F J ‘ 1 ** 

o 


jiiljdJ dZijli 


R = K [N0 2 ]. [F 2 ] 


Lajljl&ajb j» 4 j 


NO + N0 3 
N0 2 + C0 2 i^i 


tijdjJJj 4 jLo4j 


^j* m+**£ ^ J U ( I 

^1^L-rfL (o 
^aJb 

jl^j^aLo (i 

CO , NO 2 ^aJb U 
6 Jj6j4j j|[CO] j4^4j Jb4»> a^J&i ^1 (j 


NO + NOa 


-► NOo + CO 9 lj-*i 


NO + CO 9 ji 'ni i ^i -A 


R = K [N0 2 ] 2 jL R = K [N0 2 ]. [N0 2 ] 

♦ fcjji aJb 

NO 3 ^ 

( <lj I ju ^LyjL<*J) 0— CO ^<*JL 2 = NO 2 ^aJu 

CO Cujj^U ^ 1 lji> 




♦Cujai*Cwij 4 ^ojlI^lj4j a-M^jU I-LoL^4j aj j £ijlji 6jlSjajb ^ajlja^lj Ja^aJ ija.5sj j5” 


aj^aj 4 aSjaj « a5ajj ^lLmIjIj 




L® 


<o^ 


I 































^jqJqJjo^ JLoaa glili 


4jIj ^4j ^jU ^4 J i^J j45*4j 

♦^St»lU i djb 4j Ij j^j 4j6^Lm) |»4j ^j 15»34J& j*45*4j ^jj j 1*^*1 jiJ 4.J j4^*4.J 
♦ IJfe 4j Ij 4j6 ^ LyJ j»4j ^£jl5 Ub jLfyJjJ dj jd£ 4j 

jLLJ Cm^ fc^Lo 4 jIjU 4^*«j^*j lidi^J IJjj 4 j 6j»4j ^15* 5 j IS J 4J& 4.J (jJL5*4j j jL-yj i^j <*J j4^4j 

JJJ ijl^v 4JS> JL^J4 j 4.J fc^Lo 4jl j-J j4^*4j ( 4 j ^ <$****?^ 4j 4J& 45*64^ fc^Lo 4j|J j4^j 

♦ ^j1^j 4^ 4jlj ij 15 4Jk ^ j4$*^ j»*^4j ^jlil^jli 4Jfc 4 jI j 


2NOo 


-► 2NO + Oo 


4li6J»jjj jl^j4Jb jji 4j 4^jJjl^ ^4 j J 


NOo 


NO + O 



j^j 4j 6>jl£i j» 4j 15 4^ .p *5* 4j 

16 ij&jj JU 4jLo4J 
(l^l>) j»6jji ^j1^j4i^ (I 

dLJ j 15" ^1^L-jL (<-> 


s 


&jlSw4J& ^6j4JL>jji jJ 6j4^Jj5* ^X-^5* jLfe Ja5* 4J j 6j4^j 4jIj4jyu j*>l^jl^i4Jb 4jIj j*45* 4j 


2N0 2 --► 2N0 + 0 2 

NO + O -► NOo ** x **te 


NOo + O 


NO + Oo 




R = K [N0 2 ] (3 



4Si^4i 4 4Sj4J 4 4&bj ojittljb 



l 3 


<ry 


I 


22 































0 jqJqJj0.i JLou glSLi ^i^j^o^Loll 


, bjA^jjjJj jjliI Xjs bjdSs*Jj\£ \j }jLL dj tjfjijJbi I j4j , jjjIj 4 (iJLJjl^ ^1 jLL 4 J j4^ 4j 

♦^£*0 j ^^ ^jl £ 6didL*o 

jlil^jl^J4J& ^AdJbjdjdJ 6 jJJZJZ^ s b$ d£ ^b j4,J bj ^Lt+S ^<kJL*S j[jb ^*04J&j4j 4J 4 ^.*«m)4j jlilIS'J4^ ^AdJbjdj 

dddLo 4jI <£^jbi 

<itJ j\S ^ji\ji> ^LjL j(j ^[SbssL* -> jL* c^- 04 ^"I" Ij-i^ &jL» 


4j 4 j 




No + 3Ho 


4^*Jjl^ j»4^ ^ (jJLJjl^ ^1^Lyjb C5^L^ ^ j 

♦ 6 j6jjJU I J+> ^jl^J 4 Jb ♦ R = K [^2] ■ [^2]^ 

bj4Jujjibi !jji\J*m£> l^J4,4& , (iJLJjl^ ^1 !^LuuU ^JJb4j 


R=k[jv 2 ]. [h 2 ] 2 

N 2 + 2H 2 — 


-► NHa + NH 



^jl&tUb CwO 3^ j£ll jjt ,3jU , JLft J4J jJ 5 jj£+Jj£ iS 4j < _y>ii?>. < r ijz~£ jLft 


N 2 + 3H 2 
NH 3 +NH 


-► 2NH, 


-► No + 2H ? 


NH + H, 


-► NH, 


d*J .' J^ - J j \S ijAj F 2 j ^■■llll ’ 4 ^ ; ^ j ^ blXjbjb&J fa 


2 N0 + Fo 


2NOF | M SJ J tf f *;| 


.bjbjJJu ^jl^j4Jb ,]\ — 0.05 M S ^\jj j4 j «. JLlJj b jj ^ 


♦ 6j4Jjjji6i F2 j ^1 ^j4jJj4jn ^jJ&4j 


jLi NO ^4JL jUL .jji <c‘l £b$ *£ jj4 £b* jLd ^4,L K ^4i*4 j 





4J^4j 4 4Sj4j 4 4^a43 ^UttljU 




L® 


1 
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<o^ 


I 


































O jqj>aijo.s JLou gLSli ^i^j5o^lolj 


^jd> ^dJj dl ^L^jdJb d> ^JjkMjJT^j 1^ ybjjo^dj^SjJ .1 

2 NOo -► 2 NO + 0 9 


^L&dJb jodJTdj y I^dfd> I^LSodJb ^ cSJuJ^LT ^1 ^bub 

9 N 0 2 — 


NO + O 


R = K [N0 2 ] 


djOyJUk) j£>dj 


o^jjjjJdib yoli .2 


R = tf[M ] 3 n 

R = /f[M] 1 [L ] 2 ® 


fl = [m ] 2 H 
R = ^[M ] 2 ^] 1 © 


joyddA yob wSJjJ^UT yjudf ^dJL) ^judj 


w^jJ^Lr i 5 ^Lu^> 


® 



: QjJo^ »JL>I^O^yj IJJjJjJ^IT dJ ^O^lSodk O JJ&Li) ^d> .3 

y^bT ^ 5 jJ j\S 1C| y IyjCk ^bub ID c_£jJ^LT ^db 1^1 

QJlJo^ cSJjJ^ir (5 ^)Lu^ ^iXidfc QjyUUoly.& d) .4 

,jbjo.& m ^^L^idib m 21 ly^diiUb ^Lr 1MJ b*i y I yj«^ ^iXidk 151 

< 3 odod> vi-Sjj^ir Lj^ di ^5^i£jdjb i jjjlj 2 NO + CI2 —* 2 NOCI idi .5 

.* djjkjo^ wlSjJ^it y i jjJi ^UaiIj Cl + NO —> NOCI 
R = K[N0] 2 [C1 2 ] 2 H R = K[NO] 2 m 

R = /f[^VO] 1 [C/ 2 ] 2 0 R = /C[AfO] 2 [C/ 2 ] 1 © 

UjobyT ^djuuuLT^Lib dl ii_Tdj joLJd) tlAj^dTo^o^ Ibibl^lS" (5<)l&d& ^Aidfe dl dXjuo^Lo .6 

diiodj ^yod& m ^o«dibb m $i HI ^jjo^b ^o^Lo 151 

di’iro^ wLSdj^ir djdjjuu^r^bb jod» yudj di ^yL 9 jdTdi Qj.^y>job ^Ajuuujryic^ .7 

* *>y? ^U»O^.AJUk> jfidj 'JjiilyjJb ^L^idA *_bbl^ ^dTdi 2NO2 "I" F2 -* 2NO2F 

«_!bjOO^ djoyuuo jodj *zSx\j>\S y I <3 bub NO2 "I" F2 —* NO2F + F 

R = k[no 2 ] 2 [f 2 ] 1 H r = k[no 2 ] 1 [f] 1 \E 

R = K[N0 2 ] 1 [F 2 ] 1 ^\ R = K[N0 2 ] x [F] 2 © 

o^lXidJb *i-Tdj <3^b> d> t ^ Qlyb dJ clSjlSjJ^IT .8 

? Kojsio^dj y^ d> »_i vi-sbj^Lr y iX + 2Y -+ XY 2 

ojjo^dj m ojjo^d> «__K.ju)d£b in L-o^Tu in ojjo^d^ 1^1 

dj^^juji ^dj ^5^i^>dib«" km \j ^dfdj 2NO2 —> 2 NO H - O2 lASijj^ir di .9 

uJOJO^ djO^JLM) jfidj I^5^l£jdJb l^d» NO 2 -> NO + 0 

N0 2 + 0 ^ N0 3 H N0 2 + 0 -*■ NO + o 2 HI 

N0 2 + 0 -*■ N + 0 3 n 2N0 2 -*■ N 2 + 20 2 m 

dj ^ ^Jjl^JLi odd^ djdiJ^T^b |Odj 5LS0 dib dTdj dj A H" B -^ A2B2 dbJ^ir jOd> .10 

: ^LTo^^^SjlJ^LS' ^juodi. oJJo^dj 

2® 4® 6® 8® 



42^44 4 4Sj4J 4 4tb; <^IuljL) 


<o^ 






























































0 jaJqJjo.s JLou glSLi 


170 2 (2-6 > 1^ 


2-6 


j4_j u_^ 1 jL£ ^_«I j 2 ^ ^LuiL aJ .~vw,4 >a .4 

^buLj A^ ajajA^j ,jjjj Ajl_^.jA-o 
.a^A-i->l _ia r.A*C j 1 a aJ cuj" j^j->aJ 

AjIj^Aj-^aj ^a^AjJjSyj 
jL^AjAj : jL£A^jj_i_i ^ i'ihiAj a^A^Jj ^ 

v-llJ <_£ajAj Jj£ JjLu> Aj s!m«AjA_,o (liAi^ 

. 6 JAj 6 _U 


^ <l._i a_i^ AJj^a. yJaj a£ I'l i a_i*\ ^aU jaJ .1 

SajAlj^jaj 

A&J jL£ ^-jIj-xA. AjA^aJjL^ A^ AjIjL£j_A jA_j .2 

S^l^A-ljl 

A^ll j[£. ^_)l^j_a. aJ jaJjl_A ^jA^j jl^ SA.ia-^ j6JjLa .3 

(_£ajj Ajl^aJjl^ ‘J*-^ba ‘^JAjA^j OJJJ (jl^AAjLi-a-i^ 

ybjjj J-? ^j^VU 

?J Ij5bj Lj J 



j cibJ^1 #1 

.jiJjlfc <yjy , y^ 4 ^ ? ? J^JJJ j y^jj~J i? 

Oliba lj yJulfc ♦ jljuU yp&i jtJu\jb ^ Ij* <i£tiubSsL* «3 

.0(ibjUoA$* ^0 j J OlS'&JliLj jli'^U &JjaS* ^jLoj d£ 

jjJ jl&AJ& <Jaj (iJbJjl^ J<*S Aj .CwL^iAjii 6ijA^*A j Aj jl^ijjiyLuA> j (jJLJjl^ ^1 *£ AjAjj(jb jAj «4 
« 5 jAJL> jj .A^ P A»«»mP ^wO J^J jlSwA^ 5^9 ja 5 * Aj Aj . c* 4 j^yjj«ij j Aj A»tj aJ C«>oy I ^>5 A 

^^poA^ ^1 i Hjdj ijLyj ^y aJ , 6jAii» i 6xL^ ^t Sjbjb^Aj Aj IA S iI^ y L to O»^ ^j«^pb ^Uaj A^ *5 

. y Jiy I1 j i Jj Co 5 jJ A^> jj Ijji- ^wAjeS ^aJU aJ Aj jj j»A^ jl^A^Jjl^ 



^Ai l^Jaiuldxb Jjdjjj iul^JdjLuii jj 

** v ** V 


x dJ ^IjAjLmaJ AJ^b- ijpLj t lidjj £6$6jdS,d$jj £djj$ dl J. 


A^6jLoA> <yA> ^^-iiAj l£| A^" 6jboA> (^Aib’ji) yii-> jJjj'jjAj ® 

a5"®jLoa> yAwlj ^^biAj ^bjS" H A^6jl-«A> ^AAoli 11] 

:uhd4 jL^aJ jUAjUAJ j^j^Aj yU j A i iSaJjLS jauj ^LuaS ^^aaAamau/ J 

(aJ^L> ^jjilj 1HJ jl^AjjusjU Ajpjb 1^1 bbJjl£' yjij 1^3 yby ^ Lab y^ 

:dAJ jjj^Lj ya^xJjLS A) jl^djj^S^jLS Sj^Jb y^Jjjj 

dbJjb' ^ly^ yjj-»-«A^ AAAjsi I^J (ibiijb* ^ly> ja^u Ajb'Ujb' ® 

bbJjb' jlyA y jj^jjj i^jAb aaaj»^ |D| cAJbjbU ja^jjL^ ^1iy> ^jl^jAjb ifel 

Aj 4Ld[)^ ^AIj t dJJd^dj UnuidA j t dJJd^dj dj dS*j^ dj AJ ijS&dj ^ ^juud^ jd&dj .4 

: AjLS^^ 

30 2 ® li 00 



AJ^AJ 4 ASjAJ 4 A^U; y^ljb 


<o^ 





























0 jqJqJj0.s JLou gLSli ^J^j^o^LoIj 






: <U JdjJj (pjjljAJ <U t ^LJ>LS 3 

j&j ei jal jtp_j ei 0^ in jj± ® 

; jlj»u (pjj (jA Lay 4 j 4Jl£d4 t AH t biJjli (pjj S 

ciWl> jJ b j j^j l ^ j <U El ® 


jl^<LJlI j^j <c 3 jU j jji »ji 5 cJI 


jl^ftjji j&JjU* j I 




El 

CwO ^j!j4j ^ftjj j4Jb 0 


cst^JL^ c$Oj 1 


J^> Ur> jJj ® 

j;jl^ <d ^Ub«u IB 

tuijjjdi IjLS ^jjy&SUSuJ ipjj jJiw4£ *U .15 

c «’ « w<j ^Uj^Lwj ^ftjj El ji^4jj HI jis* ^4jj ® 

: UjLSdjpUAAjAJ j jjaj££d>L£ Jtjj y jA%dl ijjljdudJ jljSSXl* JjjJL) £tjj .16 

jl^ajjj’l^-o4J& jtL> j jji j5s5s^JjlT ^£ftjj <J ftjjft jj<^ U ftjjj’l^-o4Jbj*U j jji^ftjj <J »JLa&£ ® 

li* ftj^-> l ^ ^ 4nfej 4j ^ftjj ftjLoai* j j ^ J J LS* ^4jj 4^ ft^* ftjj El 

^ftjj <J iJLotlS j»*i<iU jl^ftjjjL^j«4Jbj<iU ^ftjj <J bjjbjjdS 0 

♦ a,ja,aAj ^djj .17 

j^j’L^-oiLfcj4 j jj 4jl£* ftjj 15* jj5” (^#jj 1^1 t^°J ^ ^ 

ftj Ij5^5"*il> ^jjib ^ftjj 1^1 CmxUj^Lmi i^ftjj 111 

j*U 4 j<UjQ bjIjiStfb- ^jitj <U jl SdXiti 

ftjtL^ u L) jjj*l^o4Jbj<U j jjij^jJjl^ El ® 

jl^<Gftj ft^^Lo Ljaj 0 j(^ftj^Lg*o<ubj<u Lj<g ID 

:4ljj4£d4 ijplJ t bdjj ^djdjASjj^ A) 

6 jLc 4 > ^Jjjjjjj 1^1 6 jLo^> £1 <£ 6 jl-« 4 > L fj^j)l I <& 6 jL« 4 > ^^^1j ^j)l I^J 


18 






4 45jb 4 4^u3 ^umMjU 

































0 jaJqJjo.s JLou glSLi ^.sjSo.sLoIj 


CCa»J A^S i AC* **o<Lfc El 

4j A dJJJ «jJLL) jji j£Ss*Jj\.£ jL |>4jbj4j Jj 4^J#j l^J 

j l^sJ^bi jj ^^JJJA-fe j jji CL-> JUAo (iio-UAJts l£l 

Coi dC dbjIjJDU H 


j jj l^«o A^j Aj Cojij^*6i m 

4j ACCC- ft 4 JJ \£ 4mm 4^ E5j 

ijpL) A) ubdJj^ 

Co ^ d-> JGAo 10 

CC^Mtdj djjAo Oil 

jlji&tfL* ^jib jj jbdjjJji&djLS (pjAbjijjAJ jj umAJjAu (p}j ;£jb. 
dbljl^ ^ijj |DJ aJ ^4jj |CJ ij^5"*il> i*£®3j ^ Cy x ^AjjA-^ ^sjj m 

: luU ^jLSCSaj ^LSaU j JU<U ^LS <U ubd^) 6^3 jb &>IjjS ^b djdjl^ t£4jU4l 

bjbJmlm^jdS .AjAj J J bJ^mtomAjA^ , aU AO l^np-A^a* J IjIIlI bjAJ ^ jA^ «AJA»> J »J b -L«Oj A^ , *U AO ^A^CA^-C m 

jJ«g-a-<5jA^ jli' jj ijA_fc IOJ j|j6aC-«jA^ ,j 1/ jj ijA^ 1^1 

$4lwlj bj^xo)^ ^.JjLS aU djddjl^ ^bU4) ,*LS. 

jdjJ jl$* ijbjj > ji^i'^U ^4jj > jI^SjjjI^-oSjAj ^ijj m 

jl^Sjjj’l^-oSjAj ^Jbjj > ji ijbjj > jl^ijjijli* ^4jj IS) 

^4jj > jl^ijj^CJjli' ^4jj > jli'sj^jl^aSjAj ^4jj m 

ji jSsi’^U Jtjj > J:jj > jlS’sjj.)jSAJjlS” Jtjj ISI 

$»jAu}j2»4 dxIjLS AJ Uu£ j>iA 


21 


22 


23 


24 



^cjaJ j> I 


^a}jj> I 


jLjj-oAJb IS ^jjj ^jAjjjj IS 

l£| 




j*Je. d JH 1 


jA^ ^1 jbj lSU ^-0 jA 5* ^UwotLLilj H ^aj<*S IH 

diJjLS t£}bJ) AJ LuaS ^LS 

i^OjAS* |CJ ^Oja5* ^15wsAJ. J j [S ^j-OjA^* 1^1 

jAa 4jLS^JjLS djdjl^ ^>AjU4J ^LS 

i^aIj lSl 4jjij^Cijli* m 

\jGvjiJ^Ai j^j3j Ai ^LS 

j_b 111 m 

$l djlw djdjl^ ^AjU4J ^LS 

JjAj t^yj4i ^1 (jJAoAo jLjj-oAJb n JjjA>4ijA^ ^4jlIjUb 1^1 jjJA^4ijA-» A^ I§I j^J4^4ijA^ ^A>jL>4ijj m 

: Ij4j t ubjJdjjAS jLS^^ji^lljLS SjA^j jAZai 

bjJjjj cL-JjLS* ^1l€l ^JLojS iikJjlS ^j\jL> I^J 

ccccoU jA^ojLi ^1ljA> ^jl^jAjb 12J oli'Lcj ^1 j*> H 

: jbdjj^lJjLS t UjLS4S^J jJ^b ^jLSaJ 

jl«oAJ^ aJ El jjLm^AjU jUli*4 jLaJ [@1 AjU jLolS^ACyJjL m 

t^ilJjLS Ij4j jLS^^SCJjLS jASaj 

cc^^ jjjjj l£l cj^U ^jL5* IMJ Cw4i JLoa^ m 

: IjAj ub >4jj ^AU 

Co^U ^J ^jli' cLJjl^ ^1l^l> 1^1 Cuo4i JwJ jlJb a 5*A^cjjl^ 0 

ccccoU jA^ojLi ^1lji> ^jl^jAjb IBJ Cw4i jjlI^ i> a5*a^cJjI^ ft^J 

^LUj^Sdi ^LuaS (jQj LS ^b} d^j^jioljLS 

Ol^4i iLj |D] JuJ ^Ajj j-%j El C^l^ii j*A^ H 4jACC-Co4 j tiJjj m 


jlijljL*- ^jjaJ I 

U ^1 I 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 



<o^ 


AJ^AJ 4 ASjAj 4 a£u£ oAioljb 
































ujoldijoi JLou gLSli ^J^j^o^Loli 



JLo*S’ j£S' 1L> ij ® fi JL * . —W jJw <.£»_} A< JjijjAj ® 

>jjj cte‘V.O j ^ ® jli'sjj^SoJjli' ^jjj ^j^jjj tel 

SlJLuLttS ^Su£djL£ ^L£djjajioJjL£ <U djljL*- d<Uj^Lj ^SjjddjU .40 

jj»gL& ds jji jbj |DJ sjljLta> js»\jLfc ^sjj 1—1 jjljl^> js »gL& ^L> L§j sjljl^j> ji»GL& ® 

-41 

Jj.j— 1 Lf ' JJ J li* / ^* n id > Aj in . * Q ; O ^aJu [C] 

sjaG jjj ^jlS* ^ gIgJjLS' 1DJ 


m 


etJjii* ^iLEJ ^ii^i> IS! 

\S^i. \£j ^ 

Oti* <U H 


6j4jL^*J jj j 15" 4j J #jj 

dj<L.«0jA^' ^aJL <b cLJjLS' ^1l^l> tel: 

: K ^liljLS ^Ij 4^ tiLwb4l 

ijJL? ^aJL SI ^Lm^> HI 

x bjIjSjjba ^SaJjLS £\SImU 4) K ^UAj 

Ij^OjL &j<CG»JG.«o& j {i £jS>^m> <U ® 

AAjj -jj£■ - -.i>J» > ^jljLk>Aj I ''' 


.42 


.43 



jA^jlvA ^jl&AJb © 

ci^Jjl5” ^jUj Iji |DJ 


L^S jdGbi'jU 1^1 
dLf jli” j*4^” <u H 





4J^4J 4 4$j4J 4 4SbLp iyJULM IjL 


































O jaj*aijo.s JLou gllli t> i.»j5o.»Lolj 



♦ 1-tuUo.S ^AubSjb Al AJAj ^Aj t u£$ASd^jd^ 1 JlSsxJjLS ^U^jAA ^JbA^Al ♦ ASAJd^b 

jlji; Q 

: ^jLuuS ^jSaljtS <jJjSjjlji^ (,£$* aLjj: uJj&jLS (£djAlu AS AJAJdaaU jAj 

j 4 Jjb ZZ) 

tdtfb’ ijpLj jj jl£tjjlj££l2jLS tjJJjjiZ p Jtjj Jjj jjjUAS 

^6jj Q 

t^LUjb (,£j^jA^ Al dJ^jA& jJjluil£L& 

jJ^jjLi ^1l^l> (ZZ 

♦♦djASLSdjj^jSiSaljLS AJ ulLwAJdJ diljLS t£AJA£iSjU jAj 

C.U4- O.'-'l O 

tp&l I Ji^jA iAJAjAI LuAj jbbjjjL^iAAtjAJ j jj^ji^Sidjhk AS jAjbudjb jAj 

jlS'jS'ib jj^> A&JjlS' (^) 

:iALd)LS t£lj^ ^LwU Al d$A> Uj&HjjAj jb ^umA^ AS AjAjIjj jAj 

4^ O 

♦♦djAjLSdjj^jSSaljLS ^jlu/Ai- Aj luXmAJ 64 diljLS AS AJAjajJ^Lfc jAj 

ijuj^ ^++ &?$**? (ZZ 

m ^| K j AH = +35 kj/mol AS dlSyJjtS ^ 120.0 K A) AG^Uaj. 

215 kj/mol O 

jLS<Lu$j dJuAJ ^AjL^Suj j jLSApajAjJ j-UAj ^L&iSaJ ^jLSAI j uujj: IJUAJ IjLS ^jASUSoJ A) AS AJAJ^I>wl^S AjI^SuJ jAj 

? 6$ Altitun 

^ o 

UJjte- 40.0°C jj djd 22.5°C A) t jjj 175 g <yjAl ^a!j p uudpj jtjj jj. jjj 0.234—jjj £)>? ^jaS 

v * " " * * *** g-K 

717 J O 

.313 K ^ uj jSJ ^jAS djd 293 K Al .bluLS ujpJ 96 J j 70 g ^aSaXwjU AS aSj JjLfi dAjd^U ^Aj^aj £)>? ^jAS 

0-069^0 

£ jo-^jJjLA 45 ^4544^^4 4i t C3 H g JU jjLS jL^5 . lJ jJ j 4uJjjJ jj 44U)L54J j AjLyllS j L^ j*4J 

: 4 Sj uu»j jS<y 


?»4j4#- A5 — —1.50 


12 

51 

52 

53 

14 

55 

56 

57 

58 

59 

12 

61 

62 


C + 0 2 - 

H 2(g) + ^°2(g) 

C 3 H 8 + 50 2 - 


-►- C0 2 AH C =-393.5 kj/mol 

-► H 2 0 (g) AH f °=-285.8 kJ/mol 

-► 3C0 9 +4H,0 AH C °=-2219.2 kJ/mol 


t Rr 

4JMjSfUi ku.j4S (s S4j4Jj S 4lAS 0 = 93.0|^iAH o = 31.0 kj/mol 2(1) 


—104.0 kj/mol O 

► ® r 2(g) 

bpp Al 

b 333 K J jjjj^u ^ O 

^u-u^I-UAj ^SlJjLS j jAS^ jlSASjjAJ jIjJj ^bldSlj AS |^ AjIjLS^ jAj 

.j^jL^jS" j jLiJ jlS'<Luj4S'l j Cw!-CJ jbjlj^j <ljbjj b^Luj^lj^u <J jl^djIjlMxU aS'jjAj OliSijjj cUjLT (^) 

^Lu^S ^ySJjLS jAw AjASj^LS AS AjIjLSA^ jAj 

. j j J^StUJjtiSj<L> tJj^jjj j J>p <_£*Axr* J : (Z) 

SAx^- ^LuaS ^jSlJjLS J 4 ^jAS iAlJ jljdU Al t£AJd£uJAJ 

♦OlS^fti iLj (iJllijl^ ^1 jl> ,^-a^ij^JjjjjjiU <u IJulS*$jL ZZ) 



4 4 &L$ yjittljb 



l 3 


<o^ 


I 









































ujoldijoi JLou gLSli ^J^j^o^Loli 






16 15 14 13 12 11 10 


m m 


m n 



m m m m m m m 


32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 y 

© 

IS 

© 

H 

© 


IS 

IS 

IS 

H 

H 

© 

m 

IS 

© 

H J 


48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 V 

m 


© 

H 

H 

© 

H 

m 


© 

IS 

H 

© 

© 

m 

m j 



4 4£j4j 4 ASaJ} 
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L® 


1 


A 

<o^ 


I 








































0 jaJqJjo.s JLou glSLi 




: OjOjOJj Oj cOjoij?" ^AjL*»jJ ^Aj ! 4?jjS* 

(J°J J ^AjAJj caS'ojUa^ aJ cLilSAj cAjAA jl^Ssjjlp ^AjO. 3^5” L^ojj ^OjOjA^J jjj (^4 Jjj ojdjlj>- aJ| j .1 

. jo^o^ jLiJj jl jJJIa c£ajj <j£ ojojA^Jjjj c^ajJj jt~io j j jlj^oLb ^^S^jJjlS' 




^OjJOjjA^" (^aSojaS'YUt c£ojj dUjlS' (‘IS' .1-—- 

C0jA**>*jAj ri CSjJJ jljJAJjLfc j jljJjLfc ^XlljlS* A// l) 1^13 (_£JUfl^L . t*J- ** 


?ol^o^ jLiwj ^ ojL#A5t .^. 


lOjOjAJLl^j £- (^aSo^OJ jj j L*l> .i 

djAjLSd^ (^aS jdJuLA 45 j$£ 


9 


4 J^AJ 4 ASjAJ 4 A&J; 


l3 


<o> 


I 



23 




























ujoldijoi JLou gLSli ^J^j^o^Loli 


(_£jl~LJjAj (_£o^AJ£Jj | Aj jO-AJ1_4> )) | l^AjO^Aj I wX^sZj ^Aj Ja^aJ ^AJj^jjO^ ^Aj jA*jIjAj A**5^ 3 

?((IjaSaS^IjISaJ ol£j 

jUjaj dJjL5oA£ AJ ^IojLS d-JjLS AJ uLSjj £;tJi£AJ jjJuL^A^uJ umIj 
uJjj^J ^ASaIujU JjAaJ$ASjJ jUJAJ >J £$LSjAA AJ IjAJ uJjASAJ 



/? = fc[X] 3 [Y] :ajoj 3 ^ a, ^aSoI(^L- b t Y + X -> Z <jl 4 * 3 

[X] j ^3 a. j ...w Aj Y ^L^A^* jA^Aj tC^J j2jj£o2 JjA^j- dilljlS' ^>1 ^I>- .1 

uLSjj ,*AS jAjjjAj ^ 

?0jAjL* (_£^j^Jj>-Aj [Y] J oJJojAj Aj jjj X ^L*Aj>- jA^Aj cCJj-Sjj^Va Jj 4?5- viilljlS" ^jI^J>- .<—> 

uL&J jUj JAJJjAJ 

Aj I / dijj0^1-& jaS*Aj JjA^t dijyljl-^ ^>1 

uLSjj jUj slLJjLS ^Jlj-i^ jLaj £ gjt JuU ^jLuA jLSaj aj 

IdjdjOwb dill ^jASl J^Jj ^Ldjj jAjaJ ajdjl(_£A_*A j .4 

. Oa5*o^ di-^lj^* j> 1 j*?*" ^jjAj ^^IjIi^aj aJ cO^Oj^ ^33^ ^^^ll^LS" .1 

jLjLSjJjaI j uLSjj j*AS jli ^JjlJAJ ^jLLwAj ^jjjS jUjAJ a5j*£ 
uLSjj Jbj JLujjASSajjAJ jj >Saj AJ j$aJjjj Jjjj 


.Ijioj aJ a) iioj 0 yl^I>- cl^djl aJ jlS^A^Jjjlj ALjjIj .eJ 

AJ «jlj AJ$^ AJ jIjLj £ 6 $*m Aj IjjjIjijS AJ jLSajJjLj A5j^£ 

3^j AJ JjjUj jUDjASSAJjAJ AJ}J 4^jP <£4^ jAJUJ 


3jj ^TajojIj3jU di?li" olio^jlS'^idL jlSojo^JUU ojjj ^03 jLL aS* cOI^aS^aJj^U ojoJUU jy>- .£ 
^IwA^ ^Jj^J JUj AlljJJ j JimoSjjIj jJJUj ^jLSdJjAl J JjJUj ^jAJJJj JjJ A5j^ 

uLSjJ jUj jLSjjjJjilSCjjLS JJjAS ^JjjAS^AJjAJ ^Jt^I mA^ ^JJ^J JUj AJ JJ JJJij^jLS 



4J^Aj 4 ASjAJ 4 4&J; ^UttljU 



L® 


<o^ 


I 








































O jqjqijjo.s JLou gLSLi ^J^^o^LoU 


: ojojoJj oj lojo\j?~ : fioj AjjjS* 

l)LJU-j (>£Jji0 ^ L>>0jJa£^JLI c£AjaJLI£jLa ^aj *1 

<AJj J jii J±. *i ,Jjjj ( J>jjf*i tOUsjk^S3 jj l^Jj 2H 2 0 2 (a^) -* 2H 2 0(Z) + 0 2 (g) 

? jljlS" l)Ija£A)jA& L ^S’JJ IJlSsJj 


. IJGLS .s 4£4J 4i tmJLJ4ASS4J)AJ t+JiqJ >j> j>UU ^JLuttSpU ^>S j|jj 

jl&JjAl ^iJjAg4JjAJ <yj)>p jj} J 6*J3 jj3 £»* ^ 

jL&4j 4S ^.ujASSdJjAJ lji£ j jjjiSYLi* j»4S £}A <CuJ^<( &j JjtJjU) J<Uj#-Lj ^JUU ^ji Jbj 


:aja*aJ olSVs jub NO cSaJI^iIjIS*jaJ di^Aj j (JaTaJ) ^u ^aS*^:> ^15a£^xJj aJ a£jSa> c NO L^jlS* .2 
H 2 (g) + 2NO(g) -* H 2 0(£) + N 2 0(g) 

^SoJJojAj jj! ^Vaj coJJojAj AjISo. 3 tiilljlS” ^1 H 2 ^^JUvA^ ^5"oJJojAj tbjjAj ^jA? <^aL a! 

IAjIjIj^ ^Aj ^jLIAjISajAj A^jjJJ cibijb" ^>1 JZp* ((_£AJLISjLfc) tOlSo^LiJ aSa&JjIS' ^1 ^I>- oJUojAj jlc NO 

[H2] m ^jl^ JuA* = ujljlr&jLrJjAz 2 = 2 m m=l 



[N0] n £6j L^ JJ4^ = Ju4^ 4 - 2 n 

2 2 = 2 n 

n= 2 

R= k [H 2 ] [NO] 2 




IjAj (^aSAo^ (^OjAjI J-4 ifoj j^j A^jj15a> OjOjl(.^A^jbo-jS" AJulS"jlfc jAj 3 

Mg(j) + 2H 3 0 + (^) + 2Cl“(ag) -> Mg 2+ (aq) + 2Cl-(a$) + H 2 (g) + 2H 2 0(/) 

j aI mol/s a> (.iixljb* ^>1 cb aS'^ 20 ^ojL* a! ^^ c^jIjaJ a> a] 0.048 g ja£*aJ 

0.048 ?»^b^U 


mol = 


iTijj i < ^ij/i 24.3 

mol 0.002 


= 0.002mol 




20 


= 1 X 10 -4 mol/s ' 



4 4 &L$ yjittljb 


£3^ 



































ujoldijoi JLou gLSLi ^J^j^o^Loli 


I JjJ?- ^Liiy 4 ] O 4 S”ojlS" j (ojojaJjAi ^4 j ^a’Soj jj Ju 4?" 

!OjOjO-^j 0Jdjl^>- ^JlS*4**jJ (^*Voj COJOjIj-* 1 ^4 j0j0j4^Jjjj 4jJj j4j 4 ( ^jUlAjlS^4j4j .4 



OL)OjoJ-*j 4^ b4^ojL»4s5- 4 } IjU .t. 

. 4^JL«4£*^ A// ,. C(^4jLiJjU4j . - 


«> w «j4S 


+ 40 Kj/mol 



'E a CJU4,. , c ,. + 20 Kj/mol _ 

. 15 kJ/mol (j*£jy ojaJlSa:* ^ E a ^^SjS aJ ^joJUU ^ 

. L*i\ *AS 4j) 4^ 

?^jil jIa jU C-JjO^ I^I>* l5 SsJj15' IjU .^ -—--- 

^Ia jU c.«>)Q^ I J*?*- UU .a - ^ - 

(j>4S\A4j4j A H c^Ia4j UU .j ■ 


UJjjSlj 


|4j 4»A (^4»JijSjlA .t .5 

^1 jit> 2N0 + H 2 —» N 2 + H 2 0 2 : 1 <_sj^j4* 

IH 2 + H 2 0 2 —* 2H 2 0 : 2 jl^j4* 


-2W0 + 2 tf. 


W 2 + 2H 2 0- 








4J^4J 4 ASjaj 4 aiaJj ^UttljU 
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L® 


<o^ 


I 











































0 jqJqJjo.s JLou gLSli ^JojSooLoIj 


120 2 


a£6jU^ ^LijS i 

A^AjLa^ ^Ijj^ LT^b O 

.A^&jLaA^. / 4 \j.ol J .j 


<£ajLo<^ (^A^jjJ -J 


A^djLlJj ^jl^jA_A ^)Jj2£jIj1j& A_j .8 


jA^JjLj J ^jl^jA_A .1 


jIjJAJijLa o 


■ i t .J 


A ^ djAui ^A^aJj <jlj£jjL»J .9 

j^- 4 -* ^ B c5JJ J J^±b^ ^ *JJ J t^ 4 ^ 4 ^* J 

jj J aJ A^A_jjA_A ^~--<A a. t <l\~l ^ JI J^jJj l£ ^ jljl 1 ^ 


S&ji&jAj jj J 


— j— jj- 4 ^h 6J B j A ^jjjj^lJjl^ 
ajA~tVi^aJ (^j^> daj diJjl£ .1 

■ Ol^aJjLjj A_L>&jA-j 2 v!Jjl£ .o 

.ol^djjLjj 6 Jj6jA_j 4 djJjl-£ 

ol^djjLjj djjftj^j 8 diJjl£ 


ylSdS^d^, 


SA_i_L^. J~jA<I ^ j ^ ^jjJjJ-) aJ ~'.,.4 >4 ^ j ,10 
0-?A-A d^j<-0 Jjj £ AJL^jIj ‘AJjJjaj ^aJ ^1j A_i O 
6JjA^ ^jlJAJ ^_>L^A_!ljjA^ I i<\, j£Lj 

<5jJ^ ^Ll1^jA_AjA_» aJ dVLa. JI^ajjJjHIJjL^ 

(_£jjJLj ^->1 j_> JLu_>A_A AJLmijjIj a£ A_^jA^ jAj .1 .11 

JJ J j^±b^ ^ISa^j^aJ ^^jjA^Ij^1» aJ jlj^VLa. 


<-> ftjj V «ajjj£ AJL»jA^ 6J jlj^VLa. (5 jjJU .o 

Sa£a£jJjI£ ^JOj ^I^JjJ 

<S*jJ (jljlj aJ A^jjjjljA^j <1 jjl^AjIjA ^jj a£jJ jl£ aJ .12 

iS^jj J J^jA^ ^JJ^ J"? ^-4J^} 

SIjJa^jaS ^»IjjSjj Cj^jjIj (5jA£^VL^ 

(^jLijj «6j6jlj^. ^<LjaJiA^jLa ^aJ L»Lj .13 

A-i CjA^A^o'Jaj SellJ6J (jliiAj C\H 8 ^Ljjjj JJ^U 

.6dJjLu-Lj «,jjL±*Ji)) ((J^Ja-j» 

C 3 H 8 (g) + 50 2 (g) -* 3C0 2 (g) + 4H 2 0( c? ) 

: ch*^J^H c£ ^ ‘ ^ >>b J ^I^jJ a^I .14 
aJ oIjajjjj jL^ja_a jjj *-} 2NCb — > 2N0 + 0-) 

jL^jA_A ^A^A_» <ljjL^ftjjA_i A _k_k.ajA^ ^aJj 

aJ a£ <A^jjL^_>A_A ^djjJ ^-iaxuAj NO-) —> NO "I" 0 

a£jJjI£ jl^jA_A ^Aj^A_» Ja^aJ I jjL»djA_ijj^j^ 

.cJjftJ A^fijIjAJi 


dj^VsJ jj<^k <U jJjIjjJaLA 


^IjaJjjj l,.\^ 2 ^ 2 ljl£ ^6 Jj^ aJ ^6jL^jA^4 jAj 

^1 jl± (^LujL; o 


.1 




dlJ jVSk .j 


•*—4-J &jJ>^-o^ AJLu*jj1j ' —A ;b^ (2>ljA^IJ ^aj (_^6jAj j_j .2 

C*ljA_A (^jljAjj (5&jj LljA-j .1 
*A A ^jLi^J$ ^A_»AluJjU l_l_»A_J .o 


^» 4 -A C^J^^J^ (^AjLuiljU j 6jj 


cj±><-& LS £lbl£ c5jb4j J 

^l£djjjj^lJjl£ (^6jjA_» jlj^VU ^JjJU ^djj dj^ *3 

SsLuA^aj JjjljA-» (jl^6jjjL^-OA_A jA_j J 

^1£ajj:L^oA-AjA_» jjJjSIaJjLS jjJjA^AaJ .1 

-» 2 *j~ ^A< 

c5 d JJ ^ J j^^JJ t5 d JJ ^ <-i 

.Cu-i&j jJAjjA^ jJL^AJJjL^-oA-AjA^j 

C^^jj ^ J j^jj^jj'-O^b^ C^^jj <J 

.c/t >6J j-LoA^ ^L^ajjjL^-oA-AjA.) 

C*U»J 

:^l£dJjA^ «jj->jb^ u*J^ J 4 ^ 4 ^ 

ljjL^->j^ ^A^JjU aJ .1 
4J-J6J IjjLa-jj^Aj ^AJLujIjLj aJ o 

CjI-^AJ vflj 


■ Cjli\> jAJljj djl j J AjAJIjjA^AJ .j 


Ifi 6jj^ j C5^b3^* J 4 ^ *5 

: chb J jj£* U^i 


6jajjl_A .1 


A-jAJIjjLj Ajljjj 

‘-"A >A. \ 6jA^aj A_jL-oA_j ^ jb- ^ .6 

^j-ojA^ ^aJjj dlJjL£ i 


j 4PjK 




‘ J t^ 4 ^ •£ 

LT^ 4 ^ J 6 JJ J 

^jJJ6j Ja^aJ aJj ^_»ljj$ A^ I jA_»djdjA^jjjj djlHi j AJ .7 

IjA-o aJ jlj££VLa> (_^jjJLj <djAjL^dj (jjjj dlJjL^ 

: vlUjA^iJjAJ 



AJ^AJ 4 ASjAJ 4 Atb; ^umIjU 


<o^ 

































































0 jqJqJjo.s JLou gLSli i^jajSoaLoL! 


^£<jLa<J l£*JJ .17 

jj- aA_A L^jA_j <A^j ^jl^l a\ A j 4-uA 5L» Cjl^aJ i 4ifci6j 

aJ <A^-» ^jLjJ ^jLaA^ ^GLjLaA^j jG 

.^JljIj ajj 

AW „ = -10 kJ/mol £ ' = 40 kJ/mol .1 
AW . = -95 kJ/mol £ = 20 kJ/mol .o 
AW .. = -40 kJ/mol £ ' = 30 kJ/mol r 

a c 

djJjL£ ^j! jl* jLuL 

^A_j A^ v±i£Jjl£ ^A .".. Xjl A . I .18 

^y^A_tL uj 1_JLuj^A_ j / ~>_v >A A ^ uiuj > 6 jLjj 

•( 2-6 

B 0 +B*> —» E 3 + D : jjL^-jAjb 

E 3 + A -> B 2 + : IjIa jjlxjAjb 

. jA_4 (5^4* O 

SdjjA_^ dyji^ ^ ~ -(^a_l 

a*j <A_jl jaj B j A jjj jl£ .19 

2A + B —> A-)B :olj6Jjjj 6 j1^jA_a dJ<_» 

JJ J C5J^J^ ‘^Jj4 |>aJ> 

jA_ujaJ ajjj1 jl£ jjj ^aJ a^a_»jA_a ^ j^adjajA^ 

^bj-f) ^iJjLS c^ihH 

(2-6 

^I-i jK . A + 2B -> C ^ .20 

(_£ajA_j j^>5Li_aLj ^ui <CujJ j-iaJjaJ 


^Gaj^Uu (jjljlik 

C 

M/min 

rf [B] 

^_jGajA-4u 

M 

tf [Al 

^jGajAoxi 

M 

aj<Ujj5LiAG 

2.0 x 10-4 

0.20 

0.20 

1 

8.0 x 1(H 

0.40 

0.20 

2 

1.6 x 10- 3 

0.40 

0.40 

3 


:!j (5^jajljik. ^AjLijjLjjlj ^Aj dlJjl£ 

• A^J (_£jL}J dujjl^ ^_'lj^A. ^LluL) .1 

O 

d J d J 6 jj^ 

0.30M <B j A (^a^a_»jaj& ^jLiajA-to ^jLa»a_^ jA^aJ> 
SaJ^A^. C ^jj^IjjA-j ^LlajA^u ‘JJrl 

SajjA_^ aJj A ^IjA^j <£a^1JjL^ .j 
S ajjA^ aJj B ^ajA^j a&SUJS .A 


Isi ( 3^14 jl£ ^jA^jjLjJ ^jl^»A_A .15 

.Au^Laj 


djuxijJi 


(_£A_jLaA_j (_^ajj ^1 jjj a^ aJ A^<_»jAub .16 

AW l^aj^Jl^-aA^AjA_» :A^J 1 -alA 

j A-LlZLiIj aSIJjIS £ AH ^_!>L^LaA_j l_4ajjA_A £ J E a J 

Ja^aJ <aJL) ^jLjJ ^A_jIj<L^aj j aJ|jAJLu<Ij j A_aaILI_j 
£,'J E u ^L^Uaj ^jjijjLiJ 
( 1-6 
.{ 

80 



aJI^aJLuiIj 


aJ»I^< 




AJil^A tmlj 


Ajlj< 


AJ^AJ 4 ASjAJ 4 A^ip 


<o^ 






































ujoldijoi JLou gLSli ^J^j^o^LoIj 


; c i iVi ^ ( ^ij j[^ jl^AA .15 

J .16 


80 





a Mja -v v t t 


jlS" ^ijj — ^Sjj - A// 


A H .. = 60 


kj 

mol 


(-20)-^-= +80-^- 

v y mol mol 


j1^6jjjI^-o4^j4j ,Jijj — j(£jlf ,Jijj - AH 

AH = -20-^--60-^- = -80-^- 

mol mol mol 

jtftjjijZZJjtf - jl^^U ^j>tu jsjj = E a 
E a = 80- , 

a mol 

j [£Jfijj — l$0j = 

£a = 80 — - 60— = 20 — 

moZ moZ mol 


(—20)—^7 = 100- , 

v y mol mol 



j£Ss.*Jj[£ ^ijj j4j ^Sjj = AH . 

AH . =-40— - 0— = -40 — 

moZ moZ moZ 

jl^»j^5L4^4Jbj4j j:jj — ^5jj = A// ,, . 1 


AH ., = 0- 

moZ 


(—40) -—*- = +40- 

mol mol 


jlSijjijZS-JjlS &JJ - jl^^U Jtjj = E a 
E n = 20 —- 0—= 20 — 


42^4^ « 4£j4J « 4&J; 


<o^ 



































































ujoldijoi JLou gLSli ^J^j^o^Loli 






























































v c $3-* ^33^ 

dUj <Aj^.jLj aJ .Nj4 \ j 04 " ^_LijjjA_^ 1J }<u J j 

J (jj^ 4 -^ ^J 4 -*) (JJ33^^ 
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